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ENTY ' !
, 0. 56
P Wi u'{“f i .
3 oh 'u‘de(a)(b) i
Jove Inlet
Valve Inlet
: U-25 PR
0-2,000
0-2, 060
0-2, 000 pos
cor LOX Intet 0-2,0 =1.0 :
Loaneh 2o GO Qutlet 0-2, 60 1. 08 .
LoFus m.c*\ 0-201 +0. 50
ot 'u(“\&\(o) 0-20
j 0-20 +0, 50 ‘.
0-2 £0. 50
0-2 &
0-2 ey
) Liscnm ge 0-2, 0. 50
3 Discharoe(a)(‘)) 0-2,50¢
Valve Inlet 0-2,500 +1.60 X
Fucl Valve Inlet 0-2,500 £1.G0 e
0-2,008 +1.00 A
0-2, GGG }1'
0-2, 000 =1. 00
0-2,000 X
fier E: cieasing 0-1, 0008 +1.00
0-2, 00 +1.00 P
0-1, 506 +1.60 b
o 0-%, 00U +1.00 e
uround Supply 0-2, 500 +1.00 X
n Supply 0-2,3G0 =1.00 X
stem Supply 0-2,500 b4
(2) Engine-mounted transducer.
L) AL high-i: ncy pressure instrumentation wust have a range oi dc o 10 ke £2 i
(¢} iMount trm:sc’éuce:s on facility at pump iniet level within £1 foot.

Figure 3-46. Engine Instrumeniation Parameters (Sheet 1 of 3)
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R-3896-1 AP LG A

™
.v"i
MANUAL DATA SUPPLEMENTS
“o..azl Data Supplements are issued from this manual. The stawus oo 2uch buppleaent is
e to time to communicate important and indicated in the "Supplement Status™ column.
urzent information concerning the eguipment For active Supplements, no status is entered.
cwvered in this manual. These Supplements For incorporated Supplements, "hicorporated”
Cear an identifying number and should be filed is entered.
.2t this Appencix.
Upon receipt of a bii i Data Suppiement,
»anual Data Suppiements directly affect the make an appropriate roference to the Supple-
data in this manual and will be incorporated ment in the margin next o the daiz supple-
inic this manuzl during a future updating mented. Supplements thal have becn incor-
efiort. porated inte this manual snail be discarded.
A Supplement Record is igsaed periodically to
indicate the status of Supplements issued for
MANUAL DATA SUPPLEMENT RECORD
‘“his Supplement Record indicates ihe status the manual siall be removed fre . (he Appondiy
of Supplements issued for Technical Manual and destroyed. This Supplemeni Record e or-
®-53896-1 as of the date specified above. Sup- sedes Supplement Record dated i- dune 18bo.
plements which have been incorporated into
“‘ -
S Surpiement . sanplement
Number Dated Description Sabus
{t-3896-1-1 14 June 1966 Changes ruetkods of determining oeut Ireu~govated
exchanger oxidizer and hellum bygaes
orifice sizes.
-3896-1-2 30 June 1966 Corrects stage condition fuel and oxadizer I corpuraaad
inlet pressure requirements for predictiag
engine start times, and corrects equation
used to predict time from engine conircl
valve start signal to hypergol swiica
dropout.
i{~3896-1-3 9 June 1971 Changes the description of the engine Lacorsoratea
envelope dimensions and the engine dry
weight to be compatible with data presented
in section IL
S
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5 c-40. CALCULATIONS INVOLVING A TYPI-
J CAL ENGINE.

+-41. For calculations involving a typical en-
Jine, the initial values would be the same as
-he nominal values, as follows:

1 R
n — - .
Fi = Ppy Po; = Poy
PF; = Pry Po;, =Poy

The following are the calculations used to de-
termine the thrust of the engine when operated
under the following conditions:

a. Atmospheric pressure 3.90 psia

n. Fuel temperature 75° F _
c. Fuel deasity = 50.45 Ib/cuft
d. Oxidizer density 70.90 1b/cuft
2. TFuel pump inlet pressure 42.00 psia

i, Oxidizer pump inlet

Oxidizer = 89.55
Fg - 1,522,000 3.90 - 14.698 ( 4 ne)
1,522,000 = ~ 14.696 '

(’75. 00 - 60.00
60.00

(50 45 ~ 50.45,
50.45

) (0.0191) +

) (-0.9434) +

70,90 -~ 71.38
(—_——’71—3—8——.) (2.1345) +
42.00 ~ 45.00
(—45—66——') (-0.0090) +
(89. 55 ~ 65.00,
65.00

) (0.0544)

EE - 1,522,000 _

1,522, 000

. 7346)
. 2500)
0 )

)

(-
(
(_
(
( 0.0090
.3777) ( 0.0544)

= +0.1187 or +11. 87 percent
change

OOOOOO
o
o
[op]
s

= (-
(
(
(-
(-
(

|
]

+0. 1187 (1,522,000) + 1,522,000

+180,700 + 1,522,000 = 1,702,700

Paragraphs 3-40 to 3-43R

The increniental thrust has see. fouzm to b
180,700 1 for the m..cihion' stutea, vielding a
f‘Ilal engine thrust of 1,702,700 . Propo;}mz:
densities may be estimated from n;CRSUl'C‘diC.‘H)—
perature and pressure datu withthe aid of figures
3-40 and 3-41. Figure 3-40 presents the rela-
tionship between the temperature and density
for a nominal cut of RP-1 fuel. When the density
of a batch of RP-1 is known at one temperature,
the don at ancther remperature can be deter-
uined wita the slope of the nominal RP-1 line
snown in figure 83-40. The effect of pressure on
iz densicy of RP-1 is small and mu..y be ignored
icr inlet conditions encountered on the engine.
Figure 2-11 presents the relationsiip between
liquid oxvygen temperature, vressure, and den-
sity. Two density-versus-temperature curves
are presented to show the effect of varying inlet
pressure on oxygen density.

3-42. CALCULATIONS INVOLVING A SPE-
CIFIC ENGINE.

3-43. When the values of qictual engine pavam-
eters differ from those used as nominal v Lues
in the table of influence cocfficients, the "colta
metnod™ of application ¢! influence coefficients
is used. This procedure consists of computing
an incremental change of vzuilbl;:-. rather than
a percentage change of thes¢ variabies., The
incremental change is then :qapldu to the actual
engine value. This effect can be r.ccomplished
by using the equation of the quantities

FE’Pa’Fi’p U;,,andPo,
i i i i i

which are defined as the actual engine values of
these parameters. All other quantities are as
defined previously.

3-43A. TEST TREND CORRECTIONS.

3-43B. During a test,the engine exhibits
characteristic trends that may be predicted with
the use of influence coefficients. Nominal and
actual performance values are established during
a time interval of 35-38 seconds of burn time.
Changes occur in turbine operational character-
istics resulting from coke deposits on internal
turbine assembly. Performance changes are
calculated for burn time using figures 3~41A and
3-41B for engines F-2029 through F-2065 and a

 figures 3-44 and 3-44A for engines F-2066 and ff

subsequent. Figures 3-41A and 3-44 present the
percentage change in turbine nozzle area as a

" Change No. 12 - 12 May 1972 3-41
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furciion of burn time, and figures 3-41B and
3-44A present the percentage change in

turbine efficiency ratio as a function of burn
time. Performance parameters for burn

time are adjusted by obtaining the percentage
changes expected at the burn time of interest.
These percentage changes and the parameter
influence coefficients are then multiplied to
determine the net percentage change in the per~
forrmance parameter of interest. In the follow-
ing example, the thrust of the engine operated
under the conditions specified in paragraph
2-41A is adjusted to a 90-second burn time.

In figure 3-41A the percentage change in turbine
nozzle area at 90 seconds is -3,0 percent. In
ligure 3-41B the percentage change in turbine
efficiency ratio at 90 seconds is -0.25 percent,
Therefore, using influence coefficients (figure
3-39),

Fg = 1,702,700 4 4300) (0.0972)

= (~0.0025) (1.1725) *

1,522,000
= -0,00585

rxj
]

g = (-0.00585) (1,522,000) + 1,702,700

i

-8,904 + 1,702,700

1,693,796 Ib

Figures 3-41C and 3-44B present thrust differ-
ential (based on a predicted performance value
from a data slice between 35 and 38 seconds
flight time at sea-level and turbopump inlet
standard conditions) versus burn time when the
performance values are adjusted using influence
coefficients from column 11 and 12 of figures

 3-39 or 3-43 and turbine nozzle area and turbine

efiiciency ratio changes from figures 3-41A and

f 3-41B or 3-44 and 3-44A.

3-44.

3-45. A special computational procedure has
been devised to extend the usefulness of engine
influence coefficient. This technique is used to
allow nonlinear corrections to be made for pa-
rameters where the linear approximation is not
sufficiently accurate. An example of this method
is the C* (characteristic velocity) correction. In
this case, a plot of C*correction versus the
change in engine mixture ratio is included in ad-
dition to the table of influence coefficients. A
plot of these parameters for the engine is shown

NONLINEAR CORRECTIONS

] in figures 3-42 and 3-44C. The change in engine

mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,
etc, and with the assumption that the C*

section Hi
Paragraphs 2~ 1o 3-47

correction is zero. Wiih this chinse 1 engine
mixture ratio, the C* corvection is read from
the curve. This value of C* correciion is used
with the other independent variables io recom-
pute the engine mixture ratio, which yields a

new value of C* correction. The mixture ratio
is then recomputed using the last value of C*
correction. This iterative process is continued
until the computed mixture ratio ceases fo change
between two iterations. 7Tho corresvonding

value of C* correction is then used with lhe other
independent variables to compute the changes in
the remaining dependent variables. For example,
if the final iteration change in engine mixture
ratio accompanying the 11.87-percent thrusi
change in the preceding example were -5 percent,
then the C* correction from figure 3-42 is 0,10
percent. Therefore, the true change in engine
thrust is FE: 11.87+1,1319 (~0.10)=+11,76
percent.

3-46. COMPONENT REPLACEMENT EFFECTS
ON ENGINE PERFORMANCE AT SEA LEVEL.

3-4'7. Component replacement eifects on en-
gine performance at sea level are in R-3896-11.
The deviations presented are the maximum
expected effects on sea-level engine thrust,
mixture ratio, and specific impulse when the
listed components are replaced, and are ap-
plicable to engines as noted. The following pro-
cedure is to be used for determining the max-
imum expected performance deviations for indi-
vidual engines.

a. The deviations listed in R-3896-11, cor-
responding to hardware replaced on the engine,
are to be tabulated and included with the Engine
Log Bock. This tabulation is necessary {or
future reference and continuous updating when
additional replacements are made.

b. The combination of deviations due to the
replacement of each individual component de-
termines the expected maximum performance
deviation. The combination is accomplished by
calculating the square root of the sum of the
squares of the deviations listed in R-3896-11,
corresponding to each component replaced.
Components replaced a second fime are treated
as a single replacement of the item. (No addi-
tional variation is added besides the variation
for the component being replaced a second
time.) An example is shown in figure 3-45.

Change No. 12 - 12 May 1972 3-43
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TURBINE NOZZLE AREA CHANGE, PERCENT
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function of burn time, and figure 3-41B presents
the percentage change in turbine efficiency ratio
as a function of burn time. Performance param-
clers for burn time are adjusted by obtaining
from figures 3-41A and 3-41B the percentage
changes expected at the burn time of interest.
These percentage changes and the parameter
influence coefficients are then multiplied to
de‘ermine the net percentage change in the per-
“armance parameter of interest. In the follow-
iny example, the thrust of the engine operated
unicr the conditions specified in paragraph
5-41A is adjusted to a 90~-second burn time.

In figure 3-41A the percentage change in turbine
nrizzle area at 90 seconds is ~3.0 percent. In
Jlzure 3-41B the percentage change in turbine
cificiency ratic at 90 seconds is -0.25 percent.
Therefore, using influence coefficients (figure

3-39),

Fg - 1,702,700 (_0.0300) (0.0972)

= (-0.0025) (1. 1725) *

1,522,000
= -0,00585

¥ (-0.00585) (1,522,000) + 1,702,700

Bles
il

Hi

-8,904 + 1,702,700

1,693,796 1b

1l

¢ Figure 3-41C presents thrust differential (based

on a predicted performance value from a dats
slice between 35 and 38 seconds flight time at
sea~level and turbopump inlet standard condi-

i tions) versus burn time when the performance
% values are adjusted using influence coefficients
tfrom column 11 and 12 of figure 3-39 and turbine

nozzle area and turbine efficiency ratio changes
from figures 3-41A and 3-41B.

-44, NONLINEAR CORRECTIONS.

3-45, A special computational procedure has
Leen devised to extend the usefulness of engine
influence coefficient. This technique is used to
x1low nonlinear corrections to be made for pa-
rameters where the linear approximation is not
gufficiently accurate. An example of this method
is the C* (characteristic velocity) correction.
In this case, a plot of C* correction versus the
change in engine mixture ratio is included in
addition to the table of influence coefficients.

A plot of these parameters for the engine is
shown in figure 3-42., The change in engine
mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,
etc, and with the assumption that the C*

1]

Ll

Paragraphs =41 0 3-47

correction is zero. Wi thia cha
mixture ratio, the C* correction i roru
the curve. Thls value of U correciion s
with the other independent variables to vncor-
pute the engine mixture ratio, which yicid- &
new value of C* correction. The mixture ratio
is then recomputed using the last value of T
correction. This iterative process is continued
until the computed mixture ratic cecasos to cha
petween two iterations.  The ~orrognon
value of C* correction iz iben used with thoother
independent variables to compute the i i
he remaining dependent varizbles. Tov
if the final iteration change in engine mixiure
ratio accompanying the Li.87-percent mrust

chas in the preceding exampie werc - poreent,
ihen the CF correction from figure 3-42 is 0,10
percent. Therefore, the true change in engine
thrust is FE =11,87+1,1319 {-0.10)= +11.%6
percent.

oyd s

A

OMPONENT REPLACEMERT EFrECTS
ON ENG “\IE PERFORMANCE AT SEA LEVEL.

3-47. Component replac,\ ment effects on en~
gine performance at sea i ::cl are in ’-3596-11."
The devmtlons presented are the maxymum
expected effects on sea-ievel engiue thrust,
mixture ratio, and specifi~ impuise when the
listed components are rephiced, and are ap-
plicqble f’“o ono‘inob as noicd. TM\ rr',A ov/'im"‘ Pro-

imum e.xpected performance dewauons for ;mh~
vidual engines.

a. The deviations listed in R-3<:6-11, cor-
responding to hardware replaced . the engine,
are to be tabulated and included w:th che Engine
Log Book. This tabulation is necessury for
future reference and continuous updating when
additional replacements are made.

b. The combination of deviations cue to the
replacement of each individual component de-
termines the expected maxirum periormance
deviation. The combination is accomplished by

‘calculating the square root of the sum oi the

squares of the deviations listed in R-389¢ -11,
corresponding to each component replacasi,
Componernts replaced a second time are treated
as a single replacement of the item. (Nc addi-
tional variation is added besides the variation
for the component being replaced a second
time.) An example is shown in figure 3-45.

Change No, 10 - 16 July 1971 3-43
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. L Z R . i ’

_A_ONE_PERCENT. INCREASE IN ANY ONE_OF THE INDEPENDENT VARIABLES CAUSES. oo
.THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES

o -INDEPENDENT VARIABLES- ; : o
1- ATMOSPHERIC PRES...... I 0.14700E 02 5- FUEL PUMP INLET PRES

2- FUEL DENSITY (CONSTANT TEMP) . .. 0.10000E 01 6- OXIDE PUMP INLET PRES ... ... ...

3- FUEL TEMP (CONSTANT DENSITY) . .. 0.60000E 02 7- C* CORRECTION .. ... ... . o.... ,,

4- OXIDIZER DENSITY . ............. 0.10000E 01 8- ACCELERATION . . . ...\ s
, 1- 2- 3- 4- 5- €

ENGINE THRUST .. .ovirevnnnnnn. 0.15220E 07
-0.1464  -0.9062 0.0184 2. 0994 ~0.0083  0.(.
ENGINE SPECIFIC IMPULSE . ......... 0.26534E 03
-0.1464  -0.1391 0.0027 0.3076 -0.0013  0.C
ENGINE MIXTURE RATIO . ........... 0.22698E 01 o
~0.0000 -1.5206 -0.0064 1. 5094 -0.0201  0.¢
ENGINE FUEL FLOW . .. ..o oo oo .. 0.17543E 04 , '
0.0 0.2885 0.0201 0.7440 0.0069  0.C
ENGINE OXIDIZER FLOW . . .. ...... 0.39818E 04 ,
~0.0000  -1.2321 0.0137 2.2534 -0.0131 0.0
TC INJECTOR END PRES . ........... 0.11248E 04
o 0.0 -0.6926 0.0164 1.7325 -0.0059  0.C
TC C* ACTUAL .o oo 0.54514F 04
0. 0000 0.0989 0.0007  -0.0840 0.0014 -0.(
GIMBAL SUPPLY PRESSURE . . ........ 0.18383E 04 -
-0.0000  -0.5947 0.0259 1.6450 0.0017  0.C
GG FUEL FLOW. . o oo oo e 0.11795E 03
-0. 0000 0.4077 0.0159 0.6122 0.0073 0.
GG OXIDE FLOW . oo 0.49045E 02 :
0.0000  -0.8182 0.0060 1.8232 -0.0079  0.¢
TURBINE SPEED . ..........0.... ... 0.54922E 04
~ -0.0000  -0.7865 0.0111 0.8233 -0.0080  0.(:
TURBINE EXIT STATIC PRES .......... 0.58273E 02 4 :
0.0000  -0.6503 0.0209 1.6968 -0.0059  0.C
EXHAUST NOZZLE TOTAL PRES....... 0.46852F 02
0.0 -0.4888 0.0191 1.5281 -0.0039 0.
TURBINE MAINFOLD TEMPERATURE. ... 0.15560E 04 A
0.0 -2.8035 0.0323 2.9285 -0.0345  0.C

Figure 3-43. Engine Influence Coefficients (Predicted) (Engines F-2086 and Subsequent)

S-441 Change Mo. 12 - 12 May 1972



. 0.45000E 02

.. 0.65000E 02

545
080

337

569
154
018

159

155

129

393

0.10000E 01

0.10000E 01

1.1781
1.1544
-0.0571
0.0633
0. 0062
1.0285

1,0167

0.6604
0.3862
0.5027
0.2837

0.4931

0.4739

0.3329

ﬁiGeomDMERomymEREmmMNCE...0ﬂTﬁ&301?

11- TURBINE INLET NOZZLE AREA ..... 0.17023E 02 |

12- TURBINE EFFICIENCY MULTIPLIER ... 0.10000E 01 §

8- 9- 10- 11- 12-

0.0013 -0.0264 -0.2549 0.1254 1.2273
0. 0002 -0.0053  -0.0368 0.0083 0.1749
0. 0007 0.0690  -0.0085  -0.0076 0.0232
0. 0007 -0.0689  -0.2121 0. 1224 1.0362
0.0013 0.0001  -0.2206 0.1148 1. 0595
0. 0011 -0.0278  -0.2219 0.1088 1.0875
-0. 0000 -0.0058  -0,0029 0.0010 0.0130
0. 0012 0.0149  -0.3047 0.1466 1.4607
0. 0007 0.0215  -0,1348 0.3911 0.9308
0.0013 -0.0124  -0.3093 0. 5187 0.9709
0. 0007 -0.0076  -0.1672 0.0841 0.8051
0. 0012 -0.0081  -0.2904 0.5112 0.8618
0. 0012 -0.0037  -0.2657 0.4995 0.8543
0.0015 -0.0760  -0.4290 0.2032 0.1301

MAIN FUEL ORIFICE RESISTANCE . ..

. 0.31342E-02 §

P



Scction III R-3896-1

~
N

0 20 40 60 80 100 120 140 160
BURN TIME, SECONDS

-4

TURBINE NOZZLE AREA CHANGE, PERCENT

F1-1-116A
Figure 3-41A. Turbine Nozzle Area Change Versus Burn Time
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Turbine Efficiency Ratio Curve Change Versus Burn Time
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ENGINE XXX¥ COMPONENT REPLACEMENT LOG

IIT uonIdog

Conmponent
Replacement Thrust Deviz i n Mixture Ratio Deviation Specific Impulse Deviation
No. 1 Fuel Valve 0.9 0.017 0.14
No. 1 Turbopump '
Fuel Outlet Line 0.3 0. 007 0.05
.
Expected Maximum | ) ¥ (0. 8)%+(0. 3)2 V(0. 017)24(0. 007)2 | V(0. 14)24(0. 05)2
Deviation as of _
(Date 1)(d) =0.9 = 0.018 . =0.15
No. 1 Turbopump
Oxidizer Outlet :
Line 7.1 0.010 4 0.14
. =
Expected Maximum | | V(0.9)2+(0.3)24(7. 1)2 V(0. 017)24(0. 007)24(0. 010 V0. 14)24(0. 05)24(0. 14)2 T
Deviation as of 3
(Date 2)(e) =17.2 = 0,021 =0.20 =2
p—t
No. 1 Turbopump
Fuel Outlet Line 0.3 0. 007 ~ 0.05
Thrust Chamber ‘
Injector 6.5 . 0.029 0.33

Expected Maximum | | V(0.8)2+(0. 3)%+(7. 1)2:(6.5)2| | Y(0. 017)%4(0. 007)24(0. 010)2+(0. 029)2 || V (0, 14)%4(0. 05)2+(0. 14)%4(0. 33
Deviation as of
(Date 3)(f) =9.7 = 0.036 =0.39

)2

a

(d) First component replacemst since delivery (Date 1).
(e) Additional component replaced on fTizte 2).
(f) Turbopump fuel outlet line No, 1 rant red:

Figure 3-45. Example of Calculations Required to Determine Deviations
in Engine Performance Due to Component Replacement

AN

All data on pages 3-47 through 3-54 deleted,
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ENGINE XXXX  COMPCSINT REPLACEMENG LOG

Camponert

Specific Impulse Deviation

Leplacement Throst Levialw wizxture Ratio Devialion
~no. 1 Fuel Valve 0.9 0.017 0.14
~xo 1 Turbopump '
el Outlet Line 0.3 0,007 0.05

Fapected Maximum v (0. 9)2+(0, 3)2 Vio. 017)2%0: 007)2
Deviation as of

(Mate 1)(d) =0.9 = 0.018 =0.15

No. 1 Turbopump
Oxidizer Outlet

V(0. 142 (0. 65)

2

Line 7.1 0.010 0. 14
Expected Maximum | | Y(0.9)2+(0.3)%4(7. 1)2 V(0. 017)24(0. 007)24(0. 010)2

Deviation as of |

(Date 2)(e) Po=1.2 = 0,021 = 0. 20
No. 1 Turbopump

Fuel Outlet Line 0.3 ~ ' 0. 007 0.05
Thrust Chamber v '

Injector 6.5 o 0. 029 0.33

V0. 14)24(0. 05)24(0. 14)

Expected Maximum | | V(0.9)%+0.9)25¢7. )2+ 2] ) Yo, 01m2+(0. 001240, 010:7+(0.029) |} V (0. 182 (0.

Deviation as of !
v =0,036 = 0,39

(Date 3)(f) =9.7

(d) First component replacemoer .ince ¢ Lvery (Date 1)
(e) Additional component replaced on {Date 2).
(f) Turbopump fuel outlet line Ne. 1 replaced second time, also main injector changed on (Date 3).

~

Figure 3-45. Exampie of Crlculalic.s Required to Determine Deviations
in Engine Periormeance Dus to Component Replacement

All data on pages 3-47 through 3-54 deleted.
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EEEY ONE—PLRCENT INCRLASE IN. ANY ONE OF THE INDEPENDENT VARIABLFS CAUSES

... THE FOLLOWING PERCENTAGE CHANGE IN ANY ONE OF THE DEPENDENT VARIABLES

. —INDEPENDENT VARIABLES—
1 ATMOSPHERIC PRES

..............

. 2- FUEL DENSITY (CONSTANT TEMP). . ...
3- FUEL TEMP (CONSTANT DENSITY). . ...

4- OXIDIZER DENSITY
5- FUEL PUMP. INLET PRES

ENGINE THRUST
ENGINE SPECIFIC IMPULSE
ENGINE MIXTURE RATIO
ENGINE FUEL FLOW
ENGINE OXIDIZER FLOW
TC INJECTOR END PRESSURE
TC C* ACTUAL
GIMBAL SUPPLY PRESSURE
GG FUEL FLOW
GG OXIDIZER FLOW
TURBINE SPEED
TURBINE EXIT STATIC PRES

EXHAUST NOZZLE TOTAL PRES

---------------

_DEPENDENT VARIABLES-

....................
............
..............
.................
..............
..........
T R I
...........
....................
.................
....................

...........

TURBINE MANIFOLD TEMPERATURE . . ...

o
|
{

. 14696E 02
.50450E 02
.60000E 02
.T1380E 02
.45000E 02

. 15220E 07

-0. 1458

.26536E 03

-0. 1458

.22701E 01

-0. 0000

.17537E 04

0.0

.39812E 04

-0. 0000

.11227E 04

0. 0000

.54464E 04

0. 0000

. 18260E 04

-0.0000

. 12056E 03

0. 0000

.50199E 02

0. 0000

.54884E 04

-0.0000

.57121E 02

0.0000

). 48056F 02

-0.0000

. 15600E 04

0. 0000

" 6- OXIDE PUMP INLET PRES .

7- C* CORRECTION

8- ACCELERATION
9-' MAIN FUEL ORIFICE RESISTANCE
10- GG OXIDIZER ORIFICE RESISTANC

2-

-0.9434
-0. 1427
-1.5589
‘0.2815
-1.2774
-0.7232
0. 1029
-0.6190
0.38717
-0.8460
-0.8006
-0.6500
-0,5132

-2.8169

3.

0.0191
0.0028
-0. 0067

0.0209

0.0142 -

0.0171
0. 0007
0. 0269
0.0163
0. 0067
0.0115
0.0213
0.0197

0.0328

1.

1.

2

--------------

-------------

4-

. 1345
.3103
. 5469
.7503
L2972
.6718
. 0879
.6679
.6319
.8511

8370

6941

5515

. 9374

-----

B5-

. 0090
.0014
L0217
. 0074
. 0143
. 0065
.0015
. 0017
. 0074
. 0086
. 0085
.0061
. 0043

. 0362

Figure 3-39.

5-40
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Engine Influence Coefficients (Predicted) (Engines F-2026 through F-2066)



. 0. 65000E

02
. 0. 10000E 01
. 0. 10000E 01
. 0.34053E 02
. 0.80234E 01
- | 7'7..
544 1.1319
079 1.1470
348 -0.0607
223 0.0270
571 -0.0338
1452 0.9889
019 1.0165
451 0.6101
1203 0.3555
0450 0. 4620
0230 0.2638
0419 0.4510
0389 0.4364
0609  0.3019

11- TURBINE NOZZLE AREA ,
12- TURBINE EFFICIENCY RATIO

0.0014
0. 0002
0. 0007
0. 0007
0.0014
0. 0011

-0.0000
0.0012
0. 0007
0.0013
0. 0007
0.0012
0. 0012

0. 0016

. 0286
. 0059
. 0807
. 0788
.0019
. 0305
. 0068
.0135
.0194
.0130
. 00717
. 0081
. 0046

L0724

10-

L2741
. 0395
. 0094
. 2281
. 2375
. 2387
. 0031
3271
. 1464
.3316
. 1780
.3073
.2853

. 4540

11-

. 0972
. 0042
. 0089
. 0992
. 0902
. 0843
. 0007
. 1132
.3648
.4805
. 0647
.47725
.4641

L1736

e 0.17000E 02
...... 0.10000E 01

12-

L1725
. 1669
. 0225
. 9900
.0124
. 0204
.0124
.3934
.9301
.9189
.7669
.8174
.8118
. 1155
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i ""’?é"-is’. 'ENéJ;NE STOP CHARACTERISTICS. —

3-17. Engine stop characteristics (figures

L | 3-27 through 3-28A) are presented as nominal

values. Refer to R-3896-11 for minimum and
maximum values.

Switch Potentiometer
Times @) Tlmes( )
Valve (Seconds) (Seconds)
Engine Control
Valve Closing
Signal to:
Gas generator 0.035 --
ball valve starts
to close
Gas generator 0.090 --
ball valve
closing time
Oxidizer valve 0.120 0.030
starts to close
Oxidizer valve 0.325 0.540
~losing time
Fuel valve starts 0.115 0,030
to close
\Fuel valve 0.930 1.130

closing fime

(a) Values are based on S-IC stage
application.

Figure 3-27., Nominal Cutoff Times From
Engine Control Valve Stop Signal

322 Change Mo, 10 -~ 16 July 1871

 Parameter Seconds
Engine Control Valve Closing
Signal to: ‘
Thrust chamber pressure 0.074
leaves 100%
Thrust chamber pressure 0.118
decays to 90%
Thrust chamber pressure 0.573
decays to 10%
Thrust chamber pressure : 1.864

decays to zero

Figure 3-28., Nominal Thrust Decay Time
From Engine Control Valve Closing Signal

Parameter Value

Maximum thrust decrease
for 0.075~second interval

448,000 1b

Cutoff impulse 464,000 1b/sec

Figure 3-28A. Nominal Thrust Decay
and Cutoff Impulse

P
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-%0. MET

¥ 1S FOR PREDICTING ENGINE
j‘f{‘{ﬁiirlL‘aB LL‘, [

. RACTERISTICS,

Methocs for predicting engine variable

dictions, fuel pump impeller backcasing pres-
sure re-orificing techniques, and methods of

detzrmining heat exchanger oxidizer and helium
wvpass orifice sizes,

“
e

i
RN

ENGINE START TIME PREDICTIONS
“ “i.i‘RENCED TO ENGINE CONTROL VALVE
GFENING SIGNAL AND BASED ON STAGE

A PPLICATION],

7 -43. Three methods are presented to predict
ngine start time for any engine installed in the
swge.

THOD 1. This method may be used to pre-
¢ the engine start time from engine conirol

srlve start signal to hypergol switch dropout i

the engine has been operated under the fcilowing
zcceptance-test conditions and will be operated

under the following conditions:
Oxidizer Pump
Iniet Pressure

112 +10 psig

Fuel Pump
Inlet Pressure

70 £10 psig

Sasceptance-
Test Conditions
Stage Condition

80 psia 45 psia

1072(t) + 12.146 X 107°

)t) - 4.2191 %1076 (P, }2

-
ty, = |-7.087 X

+ 0. 14432]
(P )(t)
-0, 14299J (70 - /) + 2.105 t - 1 026

)
i

(112 - P )+ fs. 53068 X 10

i = Predicted time from engine control
valve start signal to hypergol switch
dropout for stage test (seconds)

t = Acceptance test time from engine
control valve start signal to hypergol
switch dropout (seconds)

PI = Pre-start oxidizer pump inlet pres-

¢ sure during acceptance test (psig)

Pir = Pre-start fuel pump inlet pressure

during acceptance test (psig)

IETHOD 2. This method may be used to pre-
dict engine start time from engine control valve

Faragrapar 3-20 (o 5-238

start signal to hyperpel swich Gros

engine has been o
inlet pressures oines
Afethod 1, and will be o
ing stage conditions:

grammed, use

ATHE SR
L Tis &8

AP A I, - N
WOUbie precdis

the high exponents im’olv‘;a. }

Acceptance- P
Test Conditions ¢

Stage Conditions

= 3.5041(t)

Oxidizer Pumyp
Inlet Presszuve

r__-—-.“ iy
i3
s &

= -0.34145221 % 10
= -0.,24316603 » 10~ “
= 0.48888479
0.10864867 x 10"

[

;x‘

= -0.43755169 x 10
0.82104817

=
= -0, 54861973 x 10°

K
K
K
X G. 26750823 x 10

5
6
(
8~

Predicted time iroin eng

ne
valve start signal {o .1y‘,e 20

dropout for stage test {seconds)

Acceptance test time from engi

control valve start signai to uj,’n r
switch dropout ('*x,oms‘ at inle
ditions of PI and PEF (psig)

Pre-start oxidizer pump inlet pres-
sure during acceptance test (psu,)

Pre-start fuel pump inlet pressure
during acceptance test {psig)

Function of



Section 111
Paragraph 3-24

""FT} )3 3. This method may be used to pre-
Lt engld start time from engine control valve
"“;,L.'ut SL1UTE nypergol switch dropout if the
engine wilj LL operated at stage conditions other
than an oxidizer pump inlet pressure of 30 psia
and a fucl pumyp inlet pressure of 45 psia. (If
this calculation is programmed, use "'double
precision” because of the high exporents
involved.)

g Fuel Pump
Iniet Pressure

Cxidizer §

el Proegsure

Acce ceptance~ P., PIF
Lt

Test Conditions &

- p R Ba N\

Stage ¢ Jitions P P

/\
wdardiz d Lime - t) from
1“1 10 hyoerwol

t= Yoo P ek (P )+ K (P
Lot IR T PTOTI )+ Ky () 3
AN 4 . . 5
w KE )T s Ko (B,
Ld) o ...95
IF Y i

1
-2

= 0.48868470 x 10
“ooo= 0.1 7
- -1
= 0.82104617
= -0.54861973 x 10°
:;«';; = 0.26750823 x 10

= Desired pre-start oxidizer pump
P inlet pressure (psig)

Z4p = Desired pre-start fuel pump inlet
= ressure (psig)

= function of

e WAL

R-3896-1

u Sclve for predicied time {ty, Vv from <"11"'ili{?'

ontrol valve start signal {¢ hype g vol swite!
czropout using the following equation:
- I N : i g
‘.P t \t) »i: (i‘)" s i)Ip %
i, !
? i
£ = K. (p. Y+ E_(p
FP 0 Byp = K (P Ky (Prg)
&

L 9ROy E
e 2 290)
By Ty
< oI
,;(P
= =00
W, o= =0.8
2 ;
1(.\ = 0. 45
< 7
V., o= U. 103854887 v 1
E b
- - Y e Y
Kaoo= ~0,4375816% 1 10
[}
, B . AD
PN hd fd
W = i
8
[ = Predicted time {rom cng:
- valve siart signal to Ly,
dropout for stage test {sc¢
T = Acceptance test time {row enging
control valve start signai 3
switch dropout (Secuu“ﬁ.’%
ditiong of P ant .,
' Lt Sy
N e u " o
i = Standardized tiny 2y
valve start sigiu. o
dropout (seconds) caiculi icd i KA
2., = Pre-starc oxidizer pumn |
!
K sure during acceptance
P, = Pre-start fuel ;

during acceptance Lo

i = Tunction of
3-24. After the predicted time frow engh ne coi-
trol valve start signal to hypergol switch drop-

out has pbeen calculated by Method &, 2, cr 3,
the predicted stage time from engine contro!
valve start signal to 80 percent {1, 370K) of
rated thrust may be calculated. In the stage,
the predicted time from hypergol switch

b



4
i
£
i
i

R-3896-1

dropout to 100 psig chamber pressure is 0. 425
second.

Predicted time from

engine control valve _

start signal to 90 - tP + 1.100 seconds
percent thrust

t,, = Predicted time from engine control
valve start signal to hypergol switch
dropout.

3-25. FUEL PUMP IMPELLER BACKCASING
PRESSURE RE-ORIFICING TECHNIQUE.

3-26. RE-ORIFICING WITH NO CHANGE IN
FUEL PUMP OPERATING CONDITIONS. If
{ne fuel pump inlet pressures and speed are not
te be changed between the latest test and the
iext test, use the following equation to re-
orifice the balaice cavity supply line to target
for fuel impeller backcasing pressure of 250
psig:

“‘) ~\A‘5634— 1 D, 2
Py o= o d 1599 * Y1

Dl = Supply orifice diameter from latest
test
11 = Fuel impeiler backecasing pressure

from laiest test

Supply orifice diameter to be used on
next test

2-27. RE-ORIFICING WITH CHANGES IN
FUEL PUMP INLET CONDITIONS. If the fuel
pump inlet pressure for the next test is tc be
diferent from the fuel pump inlet pressure of
il.«. latest test, the fuel impeller backcasing
pressure measured on the latest test should be
arojected to that which would have occurred if
the test had been run under the new inlet pres-
sure. This corrected pressure may then be
used in the re-orificing procedure outlined in
paragraph 3-25. Calculate the corrected fuel
irnpeller backcasing pressure usingthe following
equation: P

P P - |P - P

.
DFL - TBCL
N prL -~ PIFL

(PDFN - PIFN)

Section IiI
Paragraphs 3-25 to 3-30

P .
DFL = Fuel discharge pressure observed
on latest test
P = Fuel inlet pressure observed on
IFL.
latest test
PBCL = Fuel impeller backcasing pressure
observed on latest test
PDFN = Fuel discharge pressura oxpeced on
next test
PleN ‘= Fuel inlet pressure expecica ou
next test
PBCN = Fuej fmipeller puckeasing pressare

correctad for new inlet condilions

The new orifice ciameter may then o¢ caleulated
using the re-orificing equation {paragraph 3-26),
with PBCN = Pi'

3-28, RE-ORIFICING WITH CHANGES IN
TURBOPUMP SPEED. Ii a significant change
in turbopump speed (raore than 40 rpm) is an~
ticipated between the latest test and the next
test, the fuel impeller backcasing pressure from
the latest test must then be corrected to new
turbopump speed before the re~orificing equu-
tion (paragraph 3~26) can b2 used. The present
technique uses past componeat and engine
turbepump fuel discharge pressures, fuel
impeller backcasing pressures, fuel inlet pres-
sures, and speed data for the speciic turio-
pump being re-orificed. The fuel impelle:
backcasing pressure for each tesi should be
corrected to the fuel pump inlet nressure ox-
pected or the next engine test, using the egua~
tion outlired in paragraph 3-27, '[lis corracied
fuel impeller backcasing pressure should ne
pletted against the turbopump speed observed
during that test. The resulling curve deter-
mines the corrected fuei impeller vackeasing
pressure at the turbopumyp speed expecied on
the next test. The resulting value of fue!
impeller backcasing pressure determines the
new fuel impeller backcasing orifice ciarmcter
from the equation outlined in paragraph 2-28,

3.29, HEAT EXCHANGER PERFORWANCE £
EVALUATION AND PREDICTION.

3-30, Heat exchanger performance is deter- &
mined from operational characteristics of the
heat exchanger using data obtained during fest-

ing of the heat exchanger. The calculations i

Change No. 9 - 4 November 1970 3-25
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Section I

necessary to determine heat exchanger per-
‘ormance are made in a computer program,

" which requires data input as listed in figure
3-29. All listed input is required except for the
LOX coil outlet pressure.
coil outlet pressure will enable the LOX coil

i resistance to be calculated. Standardized data
" are included because they are required data;
however, they normally are not changed from

Inclusion of the LOX

R-3886-1

data interval of 3.0 to 3.2 seconds duration that ! T
starts at or after 20 seconds of engine effective | ‘\v/
duration. Output from the program summarizes ||

heat exchanger operation at site conditions, ;
determines coil outlet temperatures at standard
inlet conditions, predicts coil outlet tempera-
tures at the target time of a subsequent test,
and calculates the diameter of the coil bypas
orifice required to achieve the target coil outlet

i

o

i

the nominal values listed in figure 3-28. Oper- temperature at standard inlet conditions and at "
ating uata should be obizined fromaperformance the target time of a subsequent test. 8
Parameter
Nominal '
Tvpe of Data Name Value Units
- Identification Data Engine serial number
Heat exchanger serial number
Test number
Test Condition Data Test duration Seconds
Ambient pressure psi
Time of slice start Seconds
Operational Data Turbine exhaust temperature °F e
Sea-level turbine exhaust temperature °F I ™
10X coil flowrate 1b/sec W)
LOX coil inlet temperature °F
LOX coil outlet temperature °r
LOX coil outlet pressure (optional) psia
Helium coil flowrate Ib/sec
Helium coil inlet temperature °F
Helium coil outlet temperature °F
Standardized Data Anticipated additional operation
time to target time 35 Seconds
LOX coil flowrate 4 Ib/sec
LOX coil inlet temperature -288 °F
LOX coil outlet target temperature 470 °F
Helium coil flowrate 0.6 1b/sec
Helium coil inlet temperature -345 °F
Helium coil outlet target temperature 255 °F

Figure 3-29. Heat Exchanger Performance Evaluation and Prediction Input Data Requirements

3-26 Change No. 9 - 4 November 1970
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3-31. HEAT EXCHANGER COMPUTER PRO-
GRAM OPTIONS.

7 3-32. In addition to the performance evalua-

¢ tions and predictions (paragraph 3-30), the

1 heat exchanger computer program contains the
following optional capabilities:

a. Enables predictions to be based upon
svecified bypass ratios rather than bypass ori-
fice diameters.

., Enables heat exchanger performance to
be predicted with specified alternate bypass
orifice diameters. ‘

A R R AN AN o AR

g,

¢. Enables ‘lowrates to be computed from
flowmeter nozzie data.

Jes e,

d. Enables average performance to be
i established from a series of tests.

A T T P

[ et etz

e. Enables coil outlet temperature data to be
adjusted for instrumentation system lag when
data is obtained during a transient condition.

3-33 through 3-37. (Deleted)

] All data on pages 3-29 through 3-38, figures
L 3-30 through 3-38 deleted.

-
AT
£

[

J
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3-46.
CAL ENGINE,

R-3896-1

CALCULATIONS INVOLVING A TYPI-

3-41. For calculations involving a typical en-
gine, the initial values would be the same as
the nominal values, as follows:

T, =T
Fi FN

FE; = FEN Pa; =Pay
P - -
Py = PRy Po, =Poy

The following are the calculations used to de-
¢@ mine the tarust of the engine when operated
snver the following conditions:

&. Atrnospheric pressure

Fuel temperature
Fuel wensity

d. Oxidizer density
e. Fuel pump inlet pressure
f. Oxidizer pump inlet
pressure =
Fg - 1,522,000 5 55 14 696
1,522,000 14,696
(75.00 - 60.00
60. 00
(50.45 - 50. 45,
50.45
(70. 90 - 71.38
71.38

42.

( 00 - 45.00
45.00

3.90 psia
75° F
50.45 1bo/cuft
70.90 1b/cuft
42,00 psia

- 89.55

(-0.1458) +

) (0.0191) +

) (-0.9434) +

) (2.1345) +

) (-0.0090) +

89.55 - 65.00,
( 65.00 ) (0. 0544)
Fp - 1,522,000 5. 7346) (-0. 1458) +
1,522,000 ( 0.2500) ( 0.0191) +
(0.0 ) (-0.9434)+
(-0.0067) ( 2,1345) +
(~0.0667) ( 0.0090) +
( 0.3777) ( 0.0544)
= +0.1187 or +11, 87 percent
change
FE = +0.1187 (1,522, 000) + 1,522,000

+180,700 + 1,522,000 = 1,702,700

Section 01
Paragraphs 3-40 to 3-43B

The incremental thrust has been found to be
180,700 1b for the conditions stated, yiciding a &
final engine thrust of 1,702,700 Ib. Propellant
densities may be estimated from measuredtem- 3
peratureand pressure data withthe aid of figures ¢
3-40 and 3~41. Figure 3-40 preseants the rela-
tionship befween the temperature and density ;
for a nominal cut of RP-1 fuel. When the densityf_’%
of a batch of RP-1 is known at one temperatare,

mined with the slope of the nom.nal RP-1 line
shown in figure 3-40. The effect of pressure on
the density of RP-1 is small ang may be ignored
for iniet cunditions encountered on the engine.
Figure 3-41 presents the relationship between
liquid oxygen temperature, pressure, and den~
sity. Two density-versus-temperature curves
are presented to show the effect of varying inlet
pressure on oxygen density.

e T T O S .

Jsizsevon

3-42. CALCULATIONS INVOLVING A SPE-
CIFIC ENGINE.

3-43, When the values of actual engine param-
eters differ from those used as nominal values
in the table of influence coeificients, the "delts
method™” of application of infiuence coefficients
is used. This procedure consists of computing
an ingremental change of variables rather than
a percentage change of these variables. The
incremental change is then applied to the actual
engine value. This effect can be accomplished
by using the equation of the quantities

Fpo Py Fiy Po Ppy and P,
1 1 1 1 1

whichk are defined as the actual engine values of
these parameters. All other quantities are as

defined previously.

3-434. TEST TREND CORRECTIONS.

3-43B. During a test,the engine exhibits
characteristic trends that may be predicted with
the usge of influence coefficients. Nominal and
actual performance values are established during}
a time interval of 35-38 seconds of burn time.
Changes occur in turbine operational character- |
istics resulting from coke deposits on internal :
turbine surfaces and thermal expansion in the 4
turbine assembly. Performance changes are
calculated for burn time using figures 3-41A
and 3-41B. Figure 3-41A presents the per-
centage change in turbine nozzle area as a

VEIBSETR
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48,0
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7igure 3-40. RP-1 Fuel Deasity Versus Temperature

I |
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§ Figure 3-41. Oxidizer Density Versus Temperature '
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R-3896-1 A PRILHA
S
u'f;
MANUAL DATA SUPPLEMENTS
.«al Data Supplements are issued from this manual. The stamug c. @ich supplegent 18
done to time to communicate important and indicated in the "Supplemient Status™ colummn.
urgent information concerning the equipment For active Supplements, no status is entered.
o wered in thic manual. These Supplements For incorporated Supplements, "ncorporated"
cear an identifying number and should be filed is entered. :
. i this Appencix.
_% : Upon receipt of a hauioa i Sava Suppierent,
j wwanual Data Suppiements directly affect the make an appropriate ruierence to ke Supple-
daia in this manual and will be incorporated ment in the margin next o the da supple-
i inio this manuzal during a future updating mented. Supplements thal have besn incor-
* * < : s+ ; . N 5 = . 1
‘ eixort. porated intc this manual sunil be “ascarded.
A Supplement Record is issued periodically to
indicate the status of Supplements issued for
MANUAL DATA SUPPLEMENT RECORD
nis Supplement Record indicates the status the manual snall be removed fre .. the Appondix
of Supplements issued for Technical Manual and destroyed. This Supplement Record 0 1=
®-3896-1 as of the date specified above. Sup- sedes Supplement Record dated i~ dune 156..
plements which have been incorporated into
“
. / O { . s I N o
s Surpiement . saeplement
Mamber Dated Lescription Lnbus
£ -3896-1-1 i4 June 1966 Changes methods of determining eu Looorgorated
exchanger oxidizer and helium bygaes
orifice sizes.
.- 3896-1-2 50 June 1966 Corrects stage condition fuel and oxidizer Tverpora.sd
inlet pressure requirements for predictiag
engine start times, and corrects eguation
used to predict time from engine control
valve stari signal to hypergol swifca
dropout.
i-3896-1-3 9 June 1971 Changes the description of the engine Iacersoratea
envelope dimensions and the engine dry
weight to be compatible with data presented
in section IL,
;
g
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e following
ine the thrust of the engine when operated
under the following conditions:

11

. R-3886-1

CALCULATIONS INVOLVING A TYPI-

CAL ENGINE,

For calculations involving a typical en-

gine, the initial values would be the same as
“he nominal values, as follows:

p Po. = P :
FN . 01 ON
= Pry Po; =Poy

are the calculations used to de-

Qi

Atmospheric oressure
Fuel temperature
Fuel density

Oxidizcr density

1

3.90 psia
75° F »
50.45 b/cuft
70.90 1b/cuft

i

Fuel pump inlet pressure = 42.00 psia
Oxidizer pump inlet
pressure = 89.55

a v
1,522,000 5 o0 14 696

1,522, 000

E

= 14696 (-0.1458) +

75.00 - 60.00
60.00

50.45 ~ 50, 45,
50.45

( ) (0.0191) +

(

) (-0.9434) +

70,90 - 71.38

A SO

) (2.1345) +

42.00 - 45.00

( 45.00

) (-0.0090) +

55 -~ 65. 00,
65.00

&2 ) (0. 0544)

1,522,000 _

.7346 . 1458

1,522, 000

i

. 2500
.0

.0191

) (-
) (
) (-
) ( 2,1345
) (

. 0667
L3T77) ( 0. 0544

+0.1187 or +11, 87 percent
change

)
)
)
)
)
)

P e e U
[eNeNoNoNoNe)

+0. 1187 (1,522,000) + 1,522,000

+180,700 + 1,522,000 = 1,702,700

. 3-41B for engines F-2029 through F-2065 and

Scecinn MY
Parngraphs -40 to 3-43B

T
Ao

The increniental thrust Gee.S louna Lo be

180,700 1bs for the conaitions stroa, vielding a
final engine thiust of 1,702,700 . Propeilant
densities may be estimated from measurcd fem-
perature and pressure datiwiththe aid of figures
3-40 and 3-41. Figure 3-40 preseats the rela-
tionship between the temperature and density

for a nominal cut of RP-1 fuel. When the density
of a bhaich of RP-1 is known at one temperature,
the density at another temperature can bf\ deter-
ained wita the slope of the nominal RP-1 line
shown in figure 3-40. The effect of pressure on
Jie densivy of RP-1 is small and muy be ignored
‘e inlet conditions encountered on the engine.
Figure -1 presents the relatiousiip between
liquid oxvgen temperaturc, vressure, ana den-
sity. Two density-vorsus-temperasoie curves
are presented to show thie offect of varying inlet
pressure on oxygen density.

2)

3-42
CIFI

CALCULATIONS INVOLVING A SPE-
C ENGINE,

3-43. When the values of fictual engine pavam-
eters citier from those used as nominal viiues
in the taue of influence coefficients, the "delta
metnod™ of application ¢f influence coefficients
is used. This procedure consists of computing
an incremental change of variabic. rather than

a percentage change of dxsx varianies, The
incremental change is then applicd to the actual
engine value. This effect can be r ccomplished

by using the equation of the quantities

P ,and P

P 2
a,’ Oi’ b

F., P
i

0.’

FE’
i i

)]
which are defined as the actual engine values of

these parameters. All other quantities are as
defined previously.

3-43A. TEST TREND CORRECTIONS.

3-43B. During a test, the engine exhibits
characteristic trends that may be predicted with
the use of influence coefficients. Nominal and
actual performance values are established during
a time interval of 35-38 seconds of burn time.
Changes occur in turbine operational character-
istics resulting from coke deposits on internal
turbine assembly. Performance changes are
calculated for burn time using figures 3-41A and :
{
figures 3-44 and 3-44A for engines F-2066 and 4
subsequent. Figures 3-41A and 3-44 present the §
percentage change in turbine nozzle area as a

‘Change No. 12 - 12 May 1972 3-41
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R-3896-1

fuiction of burn time, and figures 3-41B and
3-44A present the percentage change in

turivine efficiency ratio as a function of burn
time. Performance parameters for burn

time are adjusted by obtaining the percentage
changes expected at the burn time of interest.
These percentage changes and the parameter
influence coefficients are then multiplied to
determine the net percentage change in the per~
furimance parameter of interest. In the follow-
g example, the thrust of the engine operated
under the conditions specified in paragraph
2-41A is adjusted to a 90-second burn time.

In figure 3-41A the percentage change in turbine
nozzle area at 90 seconds is -3.0 percent. In
iigure 3-41B the percentage change in turbine
efficiency ratic at 90 seconds is -0.25 percent.
Therefore, using influence coefficients (figure
3-39),

Fg - 1,702,700 4 4300) (0.0972)

= (-0.0025) (1.1725) *

1,522,000
= -0,00585

o]
I

E (-0.00585) (1,522,000) + 1,702,700

-8,904 + 1,702,700

n

It}

1,693,796 1b

Figures 3-41C and 3-44B present thrust differ-
ential (based on a predicted performance value
from a data slice between 35 and 38 seconds
flight time at sea-level and turbopump inlet
standard conditions) versus burn time when the
performance values are adjusted using influence
coefficients from column 11 and 12 of figures

 3-39 or 3-43 and turbine nozzle area and turbine
efficiency ratio changes from figures 3-41A and

§ 3-41B or 3-44 and 3-44A.

3-44., NONLINEAR CORRECTIONS

3-45. A special computational procedure has

been devised to extend the usefulness of engine
influence coefficient. This technique is used to
allow nonlinear corrections to be made for pa-
rameters where the linear approximation is not
sufficiently accurate.

this case, a plot of C*correction versus the
change in engine mixture ratio is included in ad-
dition to the table of influence coefficients. A
plot of these parameters for the engine is shown

§ in figures 3-42 and 3-44C. The change in engine

mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,
etc, and with the assumption that the C*

An example of this method
is the C* (characteristic velocity) correction. In

section I
Paragraphs 3-<2 (o 3-47

correction is zero, With this chonze v engine
mixture ratio, the C* correction is read {from
the curve. This value of C* correciion is used
with the other independent variables to recom-
pute the engine mixture ratio, which yields a

new value of C* correction. The mixture ratio
is then recomputed using the last value of C*
correction. This iterative process is continued
until the computed mixture ratio ceases to change
between two iterations. 7o corrospounding

value of C* correction is thenr used win the other
independent variables 0 compute the changes in
the remaining dependent viriables. For example,
if the final iteration change in cngine mixture
ratio accompanying the 11.37-percent thruss
change in the preceding exumple were -dpercent,
then the C* correction {rom figure 3-42 is 0,10
percent. Therefore, the true change in engine
thrust is FE: 11.87+1,1319 (-0.10)=+11,76
percent.

3-46, COMPONENT REPLACEMENT EFFECTS
ON ENGINE PERFORMANCE AT SEA LEVEL.

3-47. Component replacement eifects on en-
gine performance at sea level are in R-3896-11,
The deviations presented are the maximum
expected effects on sea-level engine thrust,
mixture ratio, and specific impulse when the
listed components are replaced, and are ap-
plicable to engines as noted. The following pro-
cedure is to be used for determining the max-
imum expected performance deviations for indi-
vidual engines.

a. The deviations listed in R-3896-11, cor-
responding to hardware replaced on the engine,
are to be tabulated and included with the Engine
Log Book. This tabulation is necessary for
future reference and continuous updating when
additional replacements are made.

- b. The combination of deviations due to the
replacement of each individual compenent de-
termines the expected maximum performance
deviation. The combination is accomplished by
calculating the square root of the sum of the
squares of the deviations listed in R-3896-11,
corresponding to each component replaced.
Components replaced a second time are treated
as a single replacement of the item. (No addi-
tional variation is added besides the variation
for the component being replaced a second
time.) An example is shown in figure 3-45,

Change No. 12 - 12 May 1972 3-43
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R-3896-1

function of burn time, and figure 3-41B presents
*“‘"c percentage change in turbine efficiency ratio
ag a function of burn time. Performance param=-
cte s for burn time are adjusted by obtaining
irom figures 3-41A and 3-41B the percentage
changes expected at the burn time of interest.
These percentage changes and the parameter
influence coefficients are then multiplied to
ciniermine the net pn,rce'ltar“e change in the per-
wmance pararacier of interest. In the follow-
; example, the thrust of the engine operated
- the conditions specified in paragraph
-11A is adjusted 1o a 90-second burn time.
n figure 3-41A the percentage change in turbine
rizzle area at 90 seconds is ~3.0 percent. In
.izure 3-41B the percentage change in furbine
wificiency ratic at 50 seconds is -0. 25 percent.

",

ruerefore, using influence cocfficients (figure

C\,

In

- £-39),

Fg - 1,704,700 (5 0300) (0.0972)

(-0.0025) (1.1725)

-+

1,522,000
= =0.00585

F (-0.00585) (1,522,000) + 1,702,700

L
i

-8,904 + 1,702,700

1,693,796 b

i Figure 3-41C presents thrust differential (based
' on a predicted performance value from a datz

 gslice between
" sea-level and turbopump inlet standard condi-
s tions) versus burn time when the performance

35 and 38 seconds flight time at

values are adjusted using influence coefficients

! trom column L1 and 12 of figure 3-39 and turbine
. nozzle area and turbine efficiency ratio changes
| from figures 3-41A and 3-41B.

x-44, NONLINEAR CORRECTIONS.

3-45, A special computational procedure has
Leen devised to extend the usefulness of engine
influence coefficient. This technique is used to
zllow nonlinear corrections to be made for pa-
rameters where the linear approximation is not
sufficiently accurate. An example of this method
is the C* (characteristic velocity) correction.
In this case, a plot of C* correction versus the
change in engine mixture ratio is included in
addition to the table of influence coefficients.

A plot of these parameters for the engine is
shown in figure 3-42. The change in engine
mixture ratio is computed for the changes in
atmospheric pressure, propellant densities,
etc, and with the assumption that the C*

cotion i

Paragraphs s--i 10 3-47

correction is zero. Wiii
mixture ratio, the C* correction i rosu b
the curve. Tms value of T correction
with the other independent variables to recer
pute the engine mixture ratio, which yicic .
new value of C* correction., The mixture ratio
is then recomputed using the last value of C°
correction. This iterative process is coi u:‘n.\ d
unbl the computed mixture ratio censo:
hetween two iterations, The »orross
vilue of C¥ correciion i= hen use
ndependent variables 1o compute the o
the remaining dependent variztles. NG
if the final iteration change in engine mixiura
ratio accompanying the 1i.87-percent hrusi
:z in the preceding, SORCeNT,
ihen the CF
pc,l‘CQIL.
thrust is F.,
percent.

Ol LLIAp Wers - '7’
correction from figure 3-42 is

Therefore, the true chanpu m G

=11, 87+ 1,1319 (-0.10)=+11

3-46, COMPONENT REPLACEMENT EFFECTS
ON ENGINE PERFORMANCE AT SEA LEVEL.
3-47. Component rephu rment effects on co-
gine performance at sea izvel are in K- 3396-11.
The deviations presented are the maximum
expected effects on sea-ievel englua thrust,
mixture ratio, and specitis lmpm~< m‘uk LLL
listed components are repluced, and arc ap-
plicable to engines as noteu. Iho [CLOoWING Pro-
cedure is o be used for aetermining tne max-
imum expected performance deviations for indi-
vidual engines.

a. The deviations listed in R~3::6-11, cor-
responding to hardware r»?pm,ced s thie engine,
are to be tabulated and included w:th he Engine
Log Book. This tabulation is necessary for
future reference and continuous updating when
additional replacements are made.

b. The combination of deviations <ue to the
replacement of each individual component de-
termines the expected maxirnum periormance
deviation. The combination is accomplished by

‘calculating the square root of the sum oi the

squares of the deviations listed in R~ac59r A1,
corresponding to each component replacd.
Components replaced a second time are treated
as a single replacement of the item. (No addi-
tional variation is added besides the variation
for the component being replaced a second
time.) An example is shown in figure 3-45.

Change No, 10 - 16 July 1971 3-43



* Section I

" ENGINE MIXTURE RATIO

L A R

R-3896-1

S .~ _INDEPENDENT VARIABLES-
1- ATMOSPHERIC PRES

--------------

0.

2- FUEL DENSITY (CONSTANT TEMP) ... 0
3- FUEL TEMP (CONSTANT DENSITY) ... 0

4- OXIDIZER DENSITY

ENGINE THRUST

ENGINE SPECIFIC IMPULSE

TC INJECTOR END PRES

TC C* ACTUAL

..............

-DEPENDENT VARIABLES-

..................
..........
............
...............
............
............
...................
..........
....................
..................

------------------

.........

TURBINE MAINFOLD TEMPERATURE. . ..

0.

|

{
i

14700E 02

.10000E 01
.60000E 02
.10000E 01

.15220E 07

-0, 1464

.26534E 03

-0.1464

.22698E 01

-0, 0000

.17543E 04

0.0

.39818E 04

-0. 0000

.11248E 04

0.0

.54514E 04

0. 0000

.18383E 04

-0, 0000

.11795E 03

-0.0000

.49045E 02

0. 0000

.54922E 04

-0. 0000

.58273E 02

0.0000

.46852E 02

0.0
15560E 04
0.0

-2,

7- C* CORRECTION
8- ACCELERATION

2-

. 9062
.1391
. 5206
.2885
.2321
.6926
. 0989
. 5947
L4077
.8182
. 1865
.6503

.4688

8035

3-

. 0184
. 0027
. 0064
. 0201
. 0137
. 0164
. 0007
. 0259
. 0159
. 0060
L0111
. 0209
. 0191

. 0323

..A ONE_PERCENT INCREASE IN ANY ONE OF THE INDEPENDENT VARIABLES CAUSES.

4-

. 0994
.3076
.5094
. 7440
.2534
.7325
. 0840
.6450
.6122
. 8232
.8233
.6968
.5281

. 9285

= THE FOLLOWING PERCENTAGEVC'HANGE IN ANY ONE OF THE DEPENDENT VARIABLES,

........

-------

..........

----------

-0. 0083 {
-0.0013 {
-0.0201 {
0. 0069 (
-0.0131 {
-0, 0059 {
0.0014 -t
0.0017 {
0.0073 {
-0, 0079 {
-0.0080 1
-0, 0059

-0, 0039 !

-0.0345 !

Figure 3-43. Engine Influence Coefficients (Predicted) (Engines F-2086 and Subsequent)

9 A4
bR R
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0.45000E 02

. 0.65000E 02

45
80
37
32
69
54
18
59
07
55
34
29
93

12

0.10000E 01
0.10000E 01

1.1781
1.1544
-0.0571
0. 0633
0. 0062
1.0285
1.0167
0.6604
0.3862
0.5027
0.2837

0.4931

0.4739

0.3329

'9- MAIN FUEL ORIFICE RESISTANCE . ... 0.31342E-02

10- GG OXIDIZER ORIFICE RESISTANCE ... 0.77156E 01
11- TURBINE INLET NOZZLE AREA ..... 0.17023E 02 §i

12- TURBINE EFFICIENCY MULTIPLIER ... 0.10000E 01

.0013
. 0002
. 0007
. 0007
. 0013
. 0011
. 0000
. 0012
. 0007
. 0013
. 0007
. 0012
. 0012

. 0015

o

. 0264
. 0053
. 0690
. 0689
. 0001
.0278
. 0058
.0149
. 0215
. 0124
. 0076
. 0081
. 0037

. 0760

10-

.2549
. 0368
. 0085
L2121
.2206
.2219
. 0029
. 3047
. 1348
.3093
. 1672
.2904
.2657

.4290

11-

. 1254
. 0083
.0076"
. 1224
. 1148
. 1088
. 0010
. 1466
L3911
. 5187
. 0841
. 5112
.4995

.2032

12-

1.2273
0.1749
0.0232
1,0362
1. 0595
1.0675
0. 0130
1.4607
0.9308
0.9709
0.8051
0.8618
0.8543

0.1301

.
~
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Specific Impulse Deviation

0.14

0.05

V(0.14)2:(0. 05)

=0.15

0.14

V(0. 14)24(0. 05)2+(0. 14)2

= 0. 20

0.05

0.33

ENGINE XXX¥_COMPONENT REPLACEMENT LOG
v ,wc_:ngggg e e e e e - X
Replacement Thrast Devisr i on Mixture Ratio Deviation
No. 1 Fuel Valve 0.9 0.017
No. 1 Turbopump
Fuel Outlet Line 0.3 0. 007
)T »
Expected Maximum | )V (0.9)24(0. 3)2 V(0. 017)2+(0. 007)2
Deviation as of
(Date 1)(d) =0.9 =0.018
No. 1 Turbopump
Oxidizer Outlet
Line 7.1 0.010
Expected Maximum | | V(0.9)2+(0. 3)2+(7. 1) V(0.017)24(0. 007)24(0. 010)2
Deviation as of
(Date 2)(e) =17.2 =0.021
No. 1 Turbopump
Fuel Cutlet Line 0.3 0. 007
Thrust Chamber )
Injector 6.5 0.029
Expected Maximum | | ¥ (0.9)24(0. )%:(7. 12%(6.5)2] | (0. 007)2(0. 007)2+(0. 010)2+(0. 029)
Deviation as of
(Date 3)(f) =9,7 = 0.036

(d) First component replacems .t since delivery (Date 1).
(e) Additional component replaced on (Tizte 2).
(f) Turbopump fuel outlet line Ne¢, 1 12

V(0. 14)24(0. 05)24(0. 14)24(0. 33)

= 0. 39

red second time, also main injector changed on (Date 3).

2

Figure 3-45.
in Engine Performance Due to Component Replacement

deleted,

All data on pages 3-47 through 3-54
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QLT J2UUIBALE) & -

NT REPLACEMENG LOG

ENGINE XXXX  COMPO

Camponent

Weplacemeni Throsi Reviation suxture Ratio Deviation

Specific Impulse Deviation

~o. 1 Fuel Valve 0.9 0.017 0. 14

~o 1 Turbopump

el Outlet Line 0.3 0. 007 0.05

Fapected Maximum V' 0.9)240.3)2 V0. 011240, 00m)> V(0. 14)24(0. 65)2
Deviation as of

(Mate 1)(d) =0.9 = 0.018 =0.15

No. 1 Turbopump

Oxidizer Outlet

Line 7.1 0.010 0.14

2

V(0.9)2+(0. 3)2+(7. 1) V(0. 011)24(0. 007)2+(0. 010)

Expected Maximum
Deviation as of

(Date 2)(e) =12 = 0,021 = 0. 20
No. 1 Turbopump

Fuel Outlet Line 0.3 0. 00 0.05
Thrust Chamber v ‘

Injector 6.5 0. 029 0.33

V(0. 14)24(0. 05) %4 (0. 14)

- “ -‘-4,.»,‘- - by i ,“).. - o —— et s P £ S
V0. 9240, 3)200. 1)%te. 552 s Vio. 011240 00m24(0. 016, (0. 029)”

Expected Maximum
Deviation as of
(Date 3)(f)

=8.7 v =0.036 =0.39

(d) First component replacemoer ince o lvery (Date 1)
(e) Additional component replaczd on (Date 2).
(f) Turbopump fuel outlet line No. 1 replaced second time, also main injector changed on (Date 3).

Prampie of Cxleulatioss Required to Determine Deviations
in Engine Periormance Dues to Component Replacement

All data on pages 3-47 through 3-54 deleted.

C .

V(0. 10)2.(0.

05)21(0. 14)24(0. 33)2
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Section III

e ~m~~m~A ONE-PLRCENT INCREASE IN. ANY ONE OF THE INDEPFND"‘NT VARIABLFS CAUSES

fR-3896-1:? B

 THE FOLLOWING PERCENTAGE CHANGE IN { ANY ONE OF THE DEPENDENT VARLABLES R

: -INDEPENDENT VARIABLES—
1— ATMOSPHERIC PRES

---------

~ 2- FUEL DENSITY (CONSTANT TEMP). . ...
3- FUEL TEMP (CONSTANT DENSITY). . ...

4- OXIDIZER DENSITY

5- FUEL PUMP INLET PRES

ENGINE THRUST
ENGINE SPECIFIC IMPULSE
ENGINE MIXTURE RATIO
ENGINE FUEL FLOW
ENGINE OXIDIZER FLOW
TC INJECTOR END PRESSURE

TC C* ACTUAL

_DEPENDENT VARIABLES-

........

. e
. . e

« o 0w

.....

.....

---------

....................

.........

---------

---------

---------

--------------------

GIMBAL SUPPLY PRESSURE

GG FUEL FLOW
GG OXIDIZER FLOW

TURBINE SPEED

........

TURBINE EXIT STATIC PRES

EXHAUST NOZZLE TOTAL PRES

---------

--------------------

....................

........

TURBINE MANIFOLD TEMPERATURE . . . ..

- |

0. 14696E 02
0.50450E 02
0.60000E 02
0.71380E 02
0.45000E 02

1-
|

i
i

0. 15220E 07

-0. 1458

0.26536E 03

-0. 1458

0.22701E 01

-0.0000

0. 17537E 04

0.0

0.39812E 04

-0.0000

0.11227E 04

0. 0000

0.54464E 04

0. 0000

0. 18260E 04

-0. 0000

0. 12056E 03

0. 0000

0.50199E 02

0. 0000

0.54884E 04

-0.0000

0.57121E 02

0. 0000

0.48036E 02

-0. 0000

0. 15600E 04

0.0000

" - OXIDE PUMP INLET PRES .

T- C*¥ CORRECTION
8- ACCELERATION

« o e e

-------------

............

9-- MAIN FUEL ORIFICE RESISTANC:
10- GG OXIDIZER ORIFICE RESISTAN

9.

-0.9434
-0. 1427
-1.5589
6.2815
-1.2774
-0.7232
0. 1029
-0.6190
0.3871

-0. 8460

-0.8006

-0.6500
-0.5132

-2.8169

0.

0.

3-

.0191
. 0028
. 0067
. 0209
. 0142
L0171
. 0007
. 0269
.0163
. 0067
.0115

.0213

0197

0328

4-

2.1345
0.3103
1.5469
0.7503
2.2972
1.6718
-0.0879
1.6679
0.6319
1.8511
0.8370
1.6941
1.5515

2.9374

5-

. 0090
.0014
.0217
. 0074
.0143
. 0065
.0015
.0017
. 0074
. 0086
. 0085
. 0061
. 0043

. 0367

i Figure 3-39. Engine Influence Coefficients (Predit:ted) (Engines F-2029 through F-2066)



. 0.65000E

.02,

. 0. 10000E 01
. 0. 10000E 01
. 0.34053E 02
. 0.80234E 01
- 77_
)544 1.1319
3079 1. 1470
0348 -0.0607
0223 0.0270
0571  -0.0338
0452  0.9889
0019 1.0165
0451 0.6101
0203 0.3555
0450 0.4620
0230 0.2638
0419 0.4510
0389 0.4364
0609 0.3019

11~ TURBINE NOZZLE AREA
12- TURBINE EFFICIENCY RATIO

0.0014
0. 0002
0. 0007
0. 0007
0.0014
0.0011
-0. 0000
0.0012
0. 0007
0.0013
0. 0007
0.0012
0. 0012

0.0016

. 0286
. 0059 |
. 0807
. 0788
.0019
. 0305
. 0068
.0135
.0194
.0130
. 0077
. 0081
. 0046

. 0724

10-

(2741
. 0395
. 0094
.2281
L2375
. 2381
. 0031
.3271
. 1464
.3316
. 1780
L3073
.2853

. 4540

11-

0.0972
0.0042
-0.0089
0.0992
0. 0902
0.0843
0.0007
0.1132
0.3648
0.4805
0. 0647
0.4725
0.4641

0.1736

-t

O

........ . 0.17000E 02
...... 0.10000E 01

12-

L1725
. 1669
. 0225
. 9900
.0124
. 0204
.0124
.3934
.9301
. 9189
.7669
.8174
.8118

. 1156
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© Paragraphs 3-16 1o 3-17 -

_R-3896-1

"'3-16. ENGINE STOP CHARACTERISTICS,

 3-17. Engine stop characteristics (figures

3-27 through 3-28A) are presented as nominal
values. Refer to R-3896-11 for minimum and
maximum values.

Switch Potentiometer
Times @) Times(a)
Valve (Seconds) (Seconds)
Engine Control
Valve Closing
Signal to:
Gas generator 0.035 --
ball valve starts
to close
Gas generator 0.090 -
ball valve
closing time
Oxidizer valve 0.120 0.030
starts to close
Oxidizer valve 0.325 0.540
~losing time
Fuel valve starts 0.115 0.030
to close
Fuel valve 0.930 1,130

A} . .
closing time

(a) Values are based on S-IC stage
application.

Figure 3-27. Nominal Cutoff Times From
Engine Control Valve Stop Signal

322 Change No, 10 - 16 July 1871

 Parameter " Seconds

- Engine Control Valve Closing

Signal to:

Thrust chamber pressure 0.074

leaves 100%

Thrust chamber pressure 0.118

decays to 90%

Thrust chamber pressure 0.573

decays to 10%

Thrust chamber pressure - 1,864

decays to zero

Figure 3-28, Nominal Thrust Decay Time
From Engine Control Valve Closing Signal

Parameter Value

Maximum thrust decrease
for 0.075-second interval

448,000 1b

Cutoff impulse 464,000 1b/sec

Figure 3-28A. Nominal Thrust Decay
and Cutoff Impulse




. »” METHOHS FOR PREDICTING ENGINE start signal o ypersol
E / SBLE CLAKACTERISTICS. angine has been oy
J/ . inlet pressures oty nu
‘ G-21. Methoas for predicting engine variabie Xiethod 1, and will be o
canracteristics include engine start time pre- ing siage conditions:
dictions, fuel pump impeller backcasing pres- grammed, use "double precision”
sure re-~orificing techniques, and methods of the high exponents involved.)
determining heat exchanger oxidizer and helium
bypass orifice sizes. Oxidizer Pamyp Eoel Mg
Inlet Pressuve Inter Dr
-z, ENGINE ART TIME PREDICTIONS A . 5
= r:mv\ £D TO ENGINE CONTROL VALVE e AP
_INING SICNAL AND BASED ON STAGE est Lonaitions -
AP PLICATION], .
HA LAY Stage Conditions 80 psia 45 psin
.43, Three methods are presented to predict = 3.5041(0) 3
tapine start tinie for any engine installed in the B : i
Suage. ‘
THOD 1. This method may be used to pre-
c:ci the engine start time from engine cos f)"
salve start signal to hypergol switeh dropout i
e engine has been operated under the fo;lowmg
ccceptance-test conditions and will be operated
under the following conditions:
Oxidizer Pump Fuel Pump
iniet Pressure Inlet Pressure
L Ssnceptance- 112 +10 psig 70 +10 psig
. Test Conditions ' o -1
b _ i , ‘ v ’ K, = -0.341456221 x 10~
Stage Condition 80 psia 45 psia i 1 ) -9
- 9 ’ 5 Co K2 = -0, 34316603 » 10
{_-7.087 X 107t + 12.146 X 107 K3 0.48888479 « 10
o4
- . - ry T
(Prp)(t) - 4.2191X10 ® (e P, )24 0.14432] K, = 0.10864867 x 10 i
[ : ¢ K, = -0.43755169 x 107
(112 - I 5.63068 X 1 (PI ) ()
¢_ ¢ K6 0.82104817
- .‘14259J (70 - P} +2.105 t ~ 1.026 K, = -0. 54861973 x 10°
- = Predicted time from engine control v Kg - 0.26750823 x 10
. valve start signal to hypergol switch 4
dropout for stage test (seconds) 'p = Predicted time irom engine control
) . valve start signal {o ‘ny ergol switch
£ = Acceptance test time from engine . dropout for stage test {(seconds)
control valve start signal to hypergol
switch dropout (seconds) t = Acceptance test time from engine
} o control valve start signai to hygergol
Py = Pre-start oxidizer pump inlet pres- switch dropout (s=coads) at inlet ¢
4 sure during acceptance test (psig) ditions of P, and P, (psig)
P = Pre-start fuel pump inlet pressure P .. ' ) o
19 during acceptance test (psig) I¢ = Pre-start oxidizer pump inlet pres-
. sure during acceptance test (ps1g)
_ METHOD 2. This method may be used to pre- P = Pre-start fuel pump inlet pressure
N dict engine start time from engine control valve IF during acceptance test (psig)

t
-
]

Function of
3~23



Section 11
Paragraph 5-24

his method may be used to pre-
rt time from engine control valve
{ v'“_/} ergol switch dropout if the
engine will ce operated at stage conditions other
than an oxidizer pump inlet pressure of 30 psia
and a tuel pump inlet pressure of 45 psia. (If
this calculation i programmed, use "double
precision” because of the Ligh exporents
involved.)

Oxidizer Purap

i
iet ressure

Fuel Pump
ni2t Pressure

I§

Acceptaice- P. pIF
e s A ¢
Test Conditions ¢
, A S
Stage L. ilicas 2 P
&
1 IF

a. L lve fova
engine Toirol vaive suart
switch dinoout using

X N
cme{'t) from
«l to hypergol
: ivowing equations:

KN

= (.821048117
= -0.54861973 x 10

5

x.o=  (.26780823x 10
o
VAN s .
PE = Desired pre-start oxidizer pump
P inlet pressure (psig)

P.n = Desired pre-
pressure {ps

start fuel pump inlet
3
sig)

-y
I
¥y

= Function of

5 o W ih
RN

~ Lt

R-3896-1

. Sclve for urdd‘ucd time ¢ }--) from c¢ugine
control valve star: sienal (o H"pe: ol switeh

=

aropout using thL fol lov.

F : .
. N ! 4
T = {
v T Ol
i L4 Lo
© |
F (P, P =K (P, )+ K, (¥,
( 14 ! iF) 1( Igs” 2! if‘)
Ko (o
5
R

- Vi
- x AL
= R
=7
= U. 1
kAl
I -1G
= = 43755160 5 1l

[2 = Predicted time {roi. cng:

valve start signal o bypergni
dropout for stage test {s¢ionds

i = Acceptance test time {3
control valve start si
switch dropout (second:
ditions of P,

i = Standardized

2. =

l‘{‘3 s
P =

iFr
H = unction of

3-24. After the predicted timg fro engine ¢on-
i ol valve siart signal {o hypergol gwitch drop-

t has been calculated by Method %, 2, cr &,
the predicted stage time from engine contro.
valve start signal to 80 percent (3, B'OY) of
rated thrust may be calcula;ec. In the stage,
the predicted time from hypergol switch

SRy
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R-3896-1

dropout to 100 psig chamber pressure is 0.425
second.

Predicted time from

engine control valve _

start signal to 90 - 7 tp * 1.100 seconds
percent thrust

tP = Predicted time from engine control
valve start signal to hypergol switch
dropout. :
3-23. FUEL PUMP IMPELLER BACKCASING

PHRESSURE RE-ORIFICING TECHNIQUE.

3-2G. RE-CRIFICING WITH NO CHANGE IN
FUEL PUMP OPERATING CONDITIONS. If
tae fuel pumy inlet pressures and speed are not
to be changed petween the latest test and the
ext test, use the following equation to re~
crifice the balaice cavity supply line to target
for fuel impeller backcasing pressure of 250
psig:

6 —%*5634— e D, 2
by o = ot 1599 T Y1

Ly = Supply orifice diameter from latest
test

Pl = Fuel impeiler backcasing pressure
from latest test

D_) = Supply orifice diameter to be used on

next test

2-2%. RE-ORIFICING WITH CHANGES IN
FIEL PUMP INLET CONDITIONS. If the fuel
pump inlet pressure for the next test is to be
dirferent from the fuel pump inlet pressure of
ii.c latest test, the fuel impeller backcasing
pressure measured on the latest test should be
arojected to that which would have occurred if
the test had been run under the new inlet pres-
swure. This corrected pressure may then be
ased in the re-orificing procedure outlined in
paragraph 3-25. Calculate the corrected fuel
impeller backcasing pressure usingthe following
eguation:

¢ PprL - PrcL

Section Il
Paragraphs 3-25 to 3-30

P . X
DFL = Fuel discharge pressure observed
o
on latest test
PIFL = Fuel inlet pressure observed on
latest test
PBCL = Fuel impeller backcasing pressure
observed on latest test
PDFT\’ = Fuel discharge pressurc expecied on
: next test
PIFN = Fuel inlef pressure expecivu i
next test
PBCN = Fuel nmpeller vuckeasing pressare

correcied for new inlet condifions

The new orifics cidmeter may then oo caleulated
using the re-orificing equation (paragraph 3-26),
with PBCN = P_L.

3-28, RE-ORIFICING WITH CHANGES IN
TURBOPUMP SPEED. I a significant change
in turbopump speed (more than 40 rpm) is an-
ticipated between the latest test and the next
test, the fuel impeller backcasing pressure from
the latest test must then be corrected to new
turbopump speed before the re~orificing equu-
tion {paragraph 3-26) can be used. The present
technique uses past componeat and engine
turbopump fuel discharge pressures, fuel
impeller backcasing pressures, Iuei inlet pres-
sures, and speed data for the specilic turizo-
pump being re-orificed. The fuel impelle:
backcasing pressure for each test should be
corrected to the fuel purap inlet nressure ex-
pected or. the next engine test, using the egua-
tion outlired in paragraph 3-2%, *[Lis corrzcied
fuel impeller backcasing pressure should no
pletted against the turbopump speed observed
during that test. The resulling curve deter-
mines the corrected fuei impeller backcasing
pressure at the turbopumy speed expected on
the next test. The resulting value of ivet
impeller backcasing pressure determices the
new fuel impeller backcasing orifice ciarnscter
from the equation outlined in paragraph 2-28.

3-929, HEAT EXCHANGER PERFORWANCE I
EVALUATION AND PREDICTION.

P P ...~ |P - P
BCN = "DFN DFL IFL 3-30, Heat exchanger performance is deter- |/
o mined from operational characteristics of the
A heat exchanger using data obtained during test-
e (PDFN - PIFN) ing of the heat exchanger. The calculations i

Change No. 9 - 4 November 1870 3-25
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|, resistance to be calculated. Standardized data
are included because they are required data;
< however, they normally are not changed from

necessary to determine heat exchanger per-
jormance are made in a computer program,

- which requires data input as listed in figure

n 3-29. All listed input is required except for the
i LOX coil outlet pressure.

i coil outlet pressure will enable the LOX coil
|

R-38096-1

Inclusion of the LOX

starts at or after 20 seconds of engine effective |,
duration. Output from the program summarizes [
heat exchanger operation at site conditions, u
determines coil outlet temperatures at standard
inlet conditions, predicts coil outlet tempera-
tures at the target time of a subsequent test, |
and calculates the diameter of the coil bypas i
orifice required to achieve the target coil outlet
f

. ¢ - . . o AT
data interval of 3.0 to 5.2 seconds duration that &\’)

. the nomina} values listed in figure 3-29. Oper- temperature at standard inlet conditions and at ‘
4 ating uata should be obtzained fromaperformance the target time of a subsequent cest. 4
Parameter
Nominal
T-e of Data Name Value Units
¢ Identification Data Engine serial number
Heat exchanger serial number
Test number
! Test Condition Data Test duration Seconds
i Ambient pressure psi
Time of slice start Seconds
Operational Data Turbine exhaust temperature °F o
‘ Sea~level turbine exhaust temperature °F £
LOX coil flowrate 1b/sec o
LOX coil inlet temperature °F o
LOX coil outlet temperature °F
LOX coil outlet pressure (optional) psia
Helium coil flowrate Ib/sec
Helium coil inlet temperature °F
Helium coil outlet temperature °F
i
4 Standardized Data Anticipated additional operation
time to target time 35 Seconds
LOX coil flowrate 4 1b/sec
LOX coil inlet temperature -288 °F
LOX coil outlet target temperature 470 °F
Helium coil flowrate 0.6 lb/sec
Helium coil inlet temperature -345 °F
Helium coil outlet target temperature 255 °F
Figure 3-29. Heat Exchanger Performance Evaluation and Prediction Input Data Requirements
A‘”“ﬂvn”».)

3-26 Change No. 9 - 4 November 1970
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3-31. HEAT EXCHANGER COMPUTER PRO-
GRA‘VI OPTIONS.

i 3-32. In addition to the performance evalua-

¢ tions and predictions (paragraph 3-30), the
heat exchanger computer program contains the
i+ following optional capabilities:

a. Enables predictions to be based upon
svecified bypass ratios rather than bypass ori-
fme diameters.

i . Enables heat exchanger performance to
;‘ be nredicted witi specmed alternate bypass
; orifice diameters

i c¢. Enables llowrates to be computed from
flowmeter nozzie data.

[j‘ d. Enables average performance to be
I established from a series of tests.

. ¢. Enables coil outlet temperature data to be
j adjusted for instrumentation system lag when

{1 data is obtained during a transient condition.

3

| 3-33 through 3-37. (Deleted)

] AlL data on pages 3-29 through 3-38, figures
L 3-30 through 3-38 deleted.

Change No. 9 - 4 November 1970
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3-40. CALCULATIONS INVOLVING A TYPI-
CAL ENGINE.

3-41. For calculations involving a typical en-
gine, the initial values would be the same as
the nominal values, as follows:

=PaN T=T

P ' Fl FN
Fi = Pry Po; = Poy

The following are the calculations used to de-
.= :nine the turust of the engine when opera: >d
siceer the follr ving conditions:

&. Atrnospheric pressure
Fuel temperature

Fuael «ensity

Oxidizer density

Fuel pump inlet pressure
Oxidizer pump inlet
pressure

3.90 psin
75° F
50.45 ib/cuft
70. 90 1b/cuft
42.00 psia

|E O N B | 1)

SN A

1 89.55

F - 1,522,000

1,522,000

3.90 - 14.696
= 14,696 (-0.1458) +

<'75. 00 - 60.00
60. 00

50,45 - 50, 45,
( 5045 ) (-0.9434) +

) (0.0191) +

(70. 90 - 71.38

71,38 ) (2.1345) +
42.00 - 45,00
(89. 55 - 65, 00,

65.00 ’

(0. 0544)

F

= - 1,522,000 _

.7346 . 1458) +

)
1,522,000 .2500) ( 0.0191) +
.0 )
) ( 2,1345) +
) ( 0.0090) +
)

.3777) ( 0.0544)

= +0.1187 or +11, 87 percent
change

(-
(
(-
(
(
(

A/\/?/‘\/‘\/\
COOOCOOo

b
]

+0. 1187 (1,522,000) + 1,522,000

+180,700 + 1,522,000 = 1,702,700

Section I
Paragraphs 3-40 to 3-43B

The incremental thrust has been found io be
180,700 1b for the conditions stated, yiciding a
final engine thrust of 1,702,700 1b. Propellant
densities may be estimated from measuredten-
peratureand pressure data withthe aid of figures
3-40 and 3~41. Figure 3-40 preseats the rela-~
tionship between the temperature and density
for a nominal cut of RP-1 fuel.
of a batch of RP-1 is known af cne temperature,
the density at another (o
mined with the slope of thie noninai RP-1 line
showa in figure 3-40., The effect of pressure on
the ¢onsity of RP-1 is small ang may be ignored
for in.et vonditions encountered oa the engine.
Filgure 2-41 presents the relationship beiween
liquid oxygen temperature, pressuare, and den~
sity. Two density-versus-temperature curves
are presented to show the eifect of varying inlet
pressure on oxygen density.

CAC TG

3-42. CALCULATIONS i(NVOLVING A SPE-
CIFIC ENGINE,

3-43., When the values of actual engine param-
eters differ from those used as nominal valueg
in the table of influence coefficients, the "delta
method" of application of infiuence coefficients
is used. This procedure consists of computing
an incremental change of variabies rather than
a percentage change of these variables. The
incremental change is then applied to the actual
engine value. This effect can be accomplished
by using the equation of the quantities

F P

E. a’Fi’pO’PF’andP
i i i i

o,’
i

which are defined as the actual engine values of
these parameters. All other quantities are as
detined previously.

3-43A. TEST TREND CORRECTIONS.
3-43B. During a test,the engine exhibits

characteristic trends that may be predicted with
the uge of influence coefficients. Nominal and

actual performance values are established during

a time interval of 35-38 seconds of burn time.
Changes occur in turbine operational character-
istics resulting from coke deposits on internal
turbine surfaces and thermal expansion in the
turbine assembly. Performance changes are
calculated for burn time using figures 3-41A
and 3-41B. Figure 3-41A presents the per-
centage change in turbine nozzle area as a

Change No. 9 - 4 November 1970 3-41
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()

e T

IR BN RS L Bttt
NOMINAL POINT: 50, 45 LB/F T
T AT 60°F AND ATM;

LB/FT3/°F

FUEL DENSITY, LB/F73

FUEL Ti sPERATURE, °F

F1-1-114

O

N

! “igure 3-40. RP-1 Fuel Deasity Versus Temperature

5

| |
— NOMINAL POINT: 71.38 LB/FTS

AT -298.14°F AND 55 PSIA STATIC
SLOPE: -0.173 Liv/FT3/°F

ST

T TR T

OXIDIZER DENSITY, LB,’FT3

TR EET

i 66.0
300 -290 -280 -2170 i
OXIDIZER TEMPERATURE, °F {

, F1-1-115

S

FILAE A

&

Figure 3-41. Oxidizer Density Versus Temperature
3-42 Change No. 9 - 4 November 1970
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R-3896-1 Securon

Joint Information Seal Information Environment

Pressure, |Temperature, Number of
Zone Code Description Type | Material | ID,in. psig °F Fasteners

; OXIDIZER PURGE AND DRAIN JOINTS

B3,D1, OD-4  Oxidizer Drain Line F S 0.25 10 -100 to +100 1
D5,F1, ' - ‘ '
Fg - S ce : ~
D& OD-8 Oxidizer Drain Line F S 0. 50 10 -100 to +100 1
D5 OD-17 Oxidizer Overboard NA TS 1.350 10 -100 to +100 4
ES Drain Line
F1 OD-18 ©No. 1 and 2 LOX KB TS 0.451 10 -100 to +1G0 1
6 Valve Actuator Shaft
Drain ‘
Ad OD-20 Oxidizer Drain Line F S - 1.25 10 -100 to +100 1
( B3 OD-21 Gas Generator Ball KB TS 0. 451 10 ~-100 to +100 1
1 Valve LOX Vent
Port (2 seals)
NITROGEN PURGE AND DRAIN JOINTS
H7 N-1 Crossover to LOX GO VA 0.735 1,000 0-130 4
Dome and Gas Gen-
P erator Purge
. (/‘m ‘) H3 N-2 Purge Supply Line GO VA 0.735 1,000 0~-130 4
B to No. 2 MLV
F1 N-3 Purge Line to No. 1 GO VA 0.735 1,000 0-130 4
P and 2 Check Valves -
(2 seals) -
B4 N-4 Purge Line to GG NA TS - 1.026 1,000 0-130 4
“Ball Valve Check
Valve
A3 N-5 Pump LOX Seal GO VA 1.125 100 0-130 4
Purge Crossover
Line to Hard Line
A4 N-6 Hard Line Joint GO VA 0.571 100 0-130 4
B1 (Pump LOX Seal :
Purge) :
B1 ~ N-9 Gas Generator GO VA 0.571 100 0-130 4
' Bypass Oxidizer
Manifold Purge
Ad N-10 No. 1 Bearing Purge OR BN 0.468 100 0-130 i
Adapter to Pump
Ad N-11 No. 1 Bearing Purge OR BN 0.426 100 0-130 1
Line to Adapter Fuel
Pump

Figure 2-27. Purge and Drain Joint and Seal Schematic (Sheet 2 of 4)

Change No. 9 - 4 November 1570 2-T1



Section I

R-3896-1

Joint Information

Seal Information

Environment

Pressure, |Temperature,
" ©

Number of

Zone Code Description Type [Material {ID, in. psig ¥ Fasteners
NITROGEN PURGE AND DRAIN JOINTS (continued)

4 N-13 Calip Switch OR VA 0.351 1,080 0~130 1
Checkout Line

Bl N-14 Gas Generator KB TS 0.577  10-400 0-130 1
Bypass Oxidizer
Manifold Purge

A3 N-17 Purge to Crossover GO VA 0.735 175 0-130 4
{Insulation)

Co6 N-18 Purge Gverboard OR SN 0.688 10 0-130 4
Drain Line

Bi ND-6 Purge Drain Lines F S 0.375 10 0-130 1

A4 ND-8 Purge Drain Lines F S 0.50 10 0-130 1

FUEL PURGE AND DRAIN JOINTS

Fuel Drain Lines F S 0.25 1Q 0-130 1
Fuel Drain Lines F S 0.375 10 0-130 1

A4,B4, ¥D-8  Fuel Drain Lines F S 0.50 10 0-130 1

D2, E2,

E4, G2,

G6, BG,

B7

£2,E4 FD-10 Fuel Drain Lines F S 0.625 10 0-130 1

D2,E2 FD~12 Fuel Drain Lines F S 0.75 10 0-130 1

D2 FD-16 Fuel Drain Lines P S 1.0 10 0-130 1

A5, BY FD-17 Drain Manifold Cover GO VA 2.00 10 0-130 4

B5, C7 " and Outlet Line (3

E2 seals)

2-72

Figure 2-27. Purge and Drain Joint and Seal Schematic (Sheet 3 of 4)

2 Change No. 9 - 4 November 1970



R-3856~2
- . ,{ e e e e
AL Joint Information . SBeal Information | Euviconmaen
o a T T y e
! i f Prossure, | Temperawre, Nuanborof
Lone Code | Description ' Typej Malerial ,{I“D,in. Psig ‘ o Cfasteners
1 : i ;
FUEL PURGE AND DRAIN JOINTS (coniinued)
B4, C6. FD-19 Turbine Bearing GO VA 0.735 10 0-130 4
Lube o Drain Mani-
foid {1 seals) ‘ .
3¢, Fo-03 00 et Drain . OR VA 0.924 10 O0-1:0 i
o Lines (4 seals) : ,
i, B6 FD-25  Furl ‘nlet Lube Bear- OR VA 0. 844 10 g-1:0 i
ing Crrain Inboard
jaag FL-27  Reduzer in Fuel OR VA 0. 468 ¢ 0~150 i
Crrecooard Drain Line
FO-26  No. . und 2 LOX ez TS 0. 451 10 G130 1
Vaive Drain to Valve
(4 seals)
; FU-31  Primary Fuel Seal QxR Ve C. 644 16 U130 1
S 136, Drain No. 1 and 2
Y] (4 seals) .
e FD-33 Ignition Monitor Valve OR VA 0. 644 10 0-130 i
Vent Drain {3 seals)
ey FD+=35 Main Fuel Valve Vent XB GS 0. 451 10 0-130 i
GE Drain (4 seals)
E4 FG-37 Igniter Fuel Valve OR VA C. 468 10 (0-130 1
. Vent
. "/ C1 FD-39  Checkout Valve Actu- OR VA 0.351 10 3-130 1
e C2 ator and Seat Vents
(2 seals)
Ci FD-40 Checkout Valve Actu- OR VA 0.351 10 0-130C 1
ator and Seat Vents
(1 seal) ’ A
B4, BT FD-41 Bearing Lube Drain; GO VA 0.1735 10 0-130 4
Inkoard and Gutboard
: and Turbine Bearing
: Lube Drain Lines (3
{ seals)
) D3 FD-43 Igniter Monitor Valve OR VA 0. 351 10 0-130 i
Vent Drain ,
Cl FD-45 Gas Generator Ball KB TS 0.451 10 0-130 1
Valve Cavity Vent
B3 FD-46 Gas Generator Ball KB TS 0.451 10 0-130 1
. Valve Shaft Vent
f C1 FD-47 Gas Generator Actu- OR VA 0,351 10 0-130 1
ator Vent Port
‘5 Figure 2-27.  Purge and Drain Joint and Seal Schematic (Sheet 4 of 4)
:
: e

Change No. 2 - 10 August 1367 2-73/2-14
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R-3896-1 Section il
Paragraplhs &-1%¢ 3-9

SECTION I
PERFORMANCE
3-1. SCOPE. This section contains nominal T o
engine performance characteristics, meihods Parameter Value
ic. sredictiny sngine variable characteristics, et e el
er.rne influence coefiicients, instrumentacion IS 1,522 0oL o
cerameters used during static tests of a single L o .
enzine, and flignt insir umentation transducer Mixture ratio 2,21 Q7%
duty control ancd processing. The data is pre- e o
ited as wa wid ia analyzing and/or determin- Specific impulse 265.1 sec
iz specific sngine performance. 65,3 PRALY
w5, NOWUNAL Dib ~RMANCE CHARAC- Rated duration © 165 sec
Fuel flowrate 1,755 b/ se
L 3, The nor:..a: periormance characterisiics SR (a;
“:.xtained in the following paragraphs are stated 1,756 1b/sec
s for optimum engine performance. The o
Oxidizer flowrate 3,984 Ib/sec

.wdf)le tolerance for actual engine perform-
e valueb are based uponthese nominal values.

3-4. NOMINAL ENGINE PERFORMANCE
VALUES.

“.5. See rigures 3-iihrough 3-12A for current
sominal engine performance values.

4.6, NOMINAL THRUST CHAMBER PER-
FORMANCE VALUES.

5-7, See figure 2-13 for nominal thrust cham-
per performance values.

3-8. NOMINAL TUROBPUMP PERFORM-
4NCE VALUES.

%-9. See figures 3-14 through 3-18 for nominal
turbopump values.

Y

3,981 1b/'sec(a)

(a) Engines incorporating MD128 or MD1i74

change

Tz

Figure 3-1. Nomiral Engine Feriormance

Values at Sea Level and Standard
Turbopump Inlet Conditions

Change No. 10 - 16 July 1971
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Figure 3-2. Nominal Thrust Buildup Characteristics
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Figure 3-3. Gimbal Buildup Characteristics
3-2 Change No. 6 - 14 August 1968
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R-3886-1 "~ Section IiI

J
o
2
@A
78
=
ot
! Ry
b, |
;;; T
. e
| b
f bl
G
: =
: O
| . ,
LUNRVISIVE: 2t ST : o
‘ 1, 400 1,500 i, 600
tanl ¥ [sa] r 9 -3
THRUST, LB x 10
104601-G-358
7 ‘ Figure 3-4. Gimbal Supply Pressure Versus Sea-Level Thrust
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Figure 3-5. Nominal Thrust Decay Characteristics
Change No. 4 - 13 February 1968 3-3



Section IIi R-3896-1
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Figure 3-6. Nominal Cimbal Supply Pressure Decrease Characteristics
- Figure 3-7 deleted.
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i Figure 3-8. Sea-Level Specific Impulse Versus Thrust at Nominal Mixture Ratio and Temperature'
3-4 Change No. 9 - 4 November 1970




R-3896-1 Section III

, /”"‘\ Figure 3-9 deleted.
’ i
s’

ITY),

E STAGNATION

o
k3]
o
[an]

zf'\
[

FT/SEC NOZZL

C* (CHARACTERISTIC VELO

1300 1400 1500 1600 1700

THRUST, LB X 1073

s o 104001-G-41

AN Figure 3-10. Sea-Level Characteristic Velocity Versus Thrust at Nominal Mixture Ratio
and Temperature (Engines Not Incorporating MD128 or MD174 Change)

h
#
L
P,

0
', = 5,500 N
. < H
% P .
= | I
< I e s
f~ £
> Ll NOMINAL POINT
« (5,452 AT 1,522) :
| 5,400 .
w3 i
N A
N
o |
" 1,300 1,400 1,500 1,600 1,700
) |
THRUST, LB x 10™°
F1-1-118 | !
Figure 3-11, Sea-Level Characteristic Velocity Versus Thrust at Nominal Mixture Ratio
and Temperature (Engines Incorporating MD128 or MD174 Change) i

Change No. 10 - 16 July 1971 3-5
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Section III R-3896-1

Switch Times Potentiometer Value (@
Valve (Seconds)  Times (Seconds) Parameter (Seconds)
Oxidizer valve 0.320 0.535 Znegine Control Valve Opening
Signal to:
Gas generator 0.170 _
ball valve Oxidizer valve starts to open 0.035
Fuel valve 0.635 0.735 Gas generator ball valve 0.140
starts to open :
Figure 3-21. Nominal Vaive Opening : :
Times for Mainstage Fuel valves start to open 3.570
Time of 100 psig chamber 3.800
Parameter Value pressure
1 Maximun thrust inereasc 50,000 b F‘lkh OK pressure switches 4,640
ii sor 0. 010-second interval, prefup
| 90-9EIK b
5 {a) Values are based on S-IC siage
E*‘ Maximue. hrust inerease 21,000 Ib application.
il for 0.0i.-second interval,
i

i
i
4]

i above S$COK 1L

i« Thrust wicrease time, 0.59 sec
1 610-1,070K 1b

- -Cxicaser  onsumption prior 620 gal.

L Sur temast

Fuel coavyumption prior to 128 gal.
90% thru::

Figv.- -22, Nomina! Thrus. Buildup and
4, roximate Propellant Consumption
Values for Mainstage

All data ou pages 3-11 through 3-16 deleted.

3-10 Change No. 10 - 16 July 1971

Figure 3-22A. Nominal Start Times From
Engine Control Valve Open Signal
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Section III

1,700+ | 1.70

|
1,600 —

POINT—> | |
. / (1,522 AT 982}
1,400 1= a — -1.64

THRUST, LB x 10
N\

1,300 , ~ e aee

1,200 4— | a
| // /N OMINAL POINT |

‘ : (1.613 AT 982)
0% 150

/|

1,100 1z
| 850 900 950 . 1,000 1,050
CHAMBER NOZZLE STAGNATION PRESSURE, PSIA

THRUST COR@riCIENT

F1-1-119

(NOZZLL STAGNATION)

RIS SR Ru e & 1

‘4
Figure 3-12A.  Sea-Level Thrust and Thrust Coefficient Versus Chamber Pressure at Nominal ;

Mixture Ratio and Temperature (Engines Incorporating MD128 or MD174 Change) &

Change No, 10 - 16 July 1871
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R-3896-1

Se¢tion I

Parameter

Value

Parameier

Value

' Thrust at sea level

Bz

-

g

Expansion area

Throat area

Thrust chamber pressure

injector end

Nozzle stagnation

Igniter fuel flowrate

Total fuel flowrate
Oxidizer flowrate

Mixture ratio

Characteristic velocity,

Nozzle stagnation
Throat gas stagnation
temperature

Throat gas static
temperature

Nozzle exit gas static
temperature

Thrust chamber wall
temperature at throat

Cooling jacket prefill
volume

Oxidizer injector pressure

drop

Fuel injector pressure

drop

Cooling jacket pressure

drop

1,522,000 Ib
16:1

961.4 sq in.
iz
for
12 Ib/sec

1,633 ib/sec( )
1,636 Ib/sec

3,931 lb/sec(a)
3,933 Ib/sec
2.40 O/F
5,447 ft/sec( )
5,451 ft/sec
5,970° F
5,328° F
1,922° F

975° F

105 gal

312 psid

96 psid

265 psid, .
249 psid®

(a) Engines incorporating MD128 or MD174

change

OXIDIZER PUMP
Total flowrate

Inlet pressure (total)

Discharge pressure (total)

Required power
Speed

Torque

FUEL PUMP
Total flowrate

Inlet pressure (total)

Discharge pressure (total)

Required power
Speed
Torque

TURBINE

Inlet temperature

Exit temperature
Inlet pressure (total)

Exit static pressure

Gas flowrate
Devéloped power

Speed

Torque

3,986 Ib/sec
25,061 gpm
25,063 gpm(a>

65 psia

1,598 psia(,)

1,602 psia

30,270 bhp,
50,332 bip'®)
5,488 rpm
5;492 rpm(a)
28,967 ft—lb( )
29,022 {t-Ib

1,756 Ib/sec
15,620 gpm

45 psia

1,857 psia
1,870 psia®

22,656 bhp(a)
22,814 bhp
5,488 rpm
5,492 rpm ™
21,681 ft-Ib.
21,829 fi-1b

i,453° F
1,152% %,
1,138° ¥
§18 psia("\
945 psia-’
58 psia

172 'lb/sech)
167 1b/sec™
52,926 bhp
53,146 pip &)
5,488 rpm
5,492 rpm(a)
50,640 ft-Ib(,y
50,851 ft-1b

(a) Engines incorporating MD128 or MD174

change

Figure 3-13. Nominal Thrust Chamber
Performance Values

Figure 3-14. Nominal Turbopump
Performance Values

Change No. 10 - 16 July 1971 3-1
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 Wigure 3-15 deleted. ' | £
B 3,400 —
Lﬂ e e
=
e
e 4
o 3,000
2
=
a ST
< R
% 2, 600 SIS I IS E 2SS IR RI e [T e .4.';1. :
23,000 24,000 25,000 26,000 27,000
FLOW ~v GPM
CURVE SPEED = 5,550 RPM ,
IMPELLER DIAMETER = 19.500 INCHES
AVERAGE INLET FLUID TEMPERATURE = 295. 5°F
N
./

| 104001 ~G-43

Figure 3-16. Oxidizer Pump Developed Head Versus Volumetric Flowrate

3-8 Change No, 10 - 16 July 1971
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fj Figure 3-17 deleted.

R-3896-1

Scetion I
Paragraphs 3-10 to 3-15

HEAD RISE~FERT

FLOW ~. GPM
! _ CURVE SPEED = 5,550 RPM

186, O 17, 606

10400 1-G-44

Figure 3-18. Fuel Pump Developed Head Versus Volumetric Flowrate

©-10.
ANCE VALUES.
3-11.
tor performance values,

NOMINAL GAS GENERATOR PERFORM-

See figure 3-19 for nominal gas genera-

3-12. NOMINAL HEAT EXCHANGER PER-
FORMANCE VALUES.

2-13. See figure 3-20 for nominal heat ex-
changer performance values.

Parameter Value
GAS GENERATOR
Injector end pressure 956 psia(a>
980 psia

uel flowrate 121,1 1b/sec( )

118.0 Ib/sec

50.4 lb/sec( )
49.0 Ib/sec'®

'0.417 O/F

Oxidizer flowrate

Mixture ratio

0.416 O/F(‘"“
Discharge temperature 1,453°F
(a) Engines incorporating MD128 or MD174

change »

Figure 3-19. Nominal Gas Generator
Performance Values

Temperature Nominal
Parameter Range Valuo
Oxygen flowrate  400° to 500° F 4.0 1b/sec
Helium flowrate  185° to 285° ¥ 0.6 lb/sec

Figure 3-20. Nominal Heat Exchanger
Performance Values

3-14. ENGINE START CHARACTERISTICS.
3-15. Engine start characteristics (figures
3-21 through 3-26) are presented as nominal
values. Refer to R-3896-11 for minimum and
maximum values.

Change No, 10 - 16 July 1971 3-5
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R3896-1 |  Section III

i

Figure 3-22A deleted.
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Section IT

R-3896-1

Seal Information

B3

Joint Information Environment
. Pressure,| Temperature | Number of
Zone j Code Description Type | Material{ID, in. psig °F Fasteners
- OXIDIZER PROPELLANT SYSTEM JOINTS
A4  0-1M LOX Suction Duct to NA TS - 17.026 115 -300 36
LOX Pump : '
A4 0-2M No. 1and 2 LOX NA TS 9.00 1,700 -300 24
Pump Discharge to .
Spacer to LOX High-
Pressure Ducts
(4 seals)
El 0-3M No. 1and 2 L.OX NA TS 9.00 1,700 -300 24
E6 High-Pressure Duct
to Spacer to MLV
Inlet (4 seals)
E1 0-4M No. land 2 MLV to NA TS 9.00 1,500 -300 24
E6 1.OX Dome Inlets
(2 seals)
A3 0-5M No. 2 LOX High- NA TS 1.924 1,200 -300 8
Pressure Duct to B/S s
Line (2 seals)
B3 0-6 B/S Line to GG LOX NA TS 2.486 1,200 ~300 8
Supply Line (3 differ- NA TS 1.611 1,200 -300 8
ent seals) NA TS 2.111 1,200 -300 8
0-17 GG LOX Supply Line NA TS 2.486 1,200 -300 8
to GG Ball Valve
F5  0-8M H.E. LOX Check Valve NA TS 2.00 1,450 -300 8
to LOX Dome
D5 0-9M H.E. LOX Check Valve NA TS 1.635 1,400 -300 8
to H. E. LOX Flow-
meter
D5 0-10M. H.E. LOX Flowmeter NA TS 1.635 1,350 -300 8
to H. E. LOX Inlet
Line
c4 0-11 H.E. LOX Bypass NA TS 1.026 1,300 -300 4
Line to H.E. LOX
Inlet Line (2 seals) ,
c4 0-12M H.E. LOX Inlet Line NA TS 3.735 1,300 ~300 8
. toH.E,
c4  0-13M H.E. GOX Cutlet Line NA CN 3.780 1,300 800 8
to H. E.
Figure 2-26. System Joint and Seal Schematic (Sheet 2 of 13)
2~ 58 Change No. 9 - 4 November 1870
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R-3896-1

Section

Joint Information

Seal Information

Environment

13
7

}

Temperature, | Number of

Pressure,
Zone | Code Description Type {Material |ID, in. psig °F i.‘i’l’asteners
OXIDIZER PROPELLANT SYSTEM JOINTS (continued)
C4 0-14 H.E. LOX Bypass NA TS 1.032 1,300 0 4
Line to H. E. GOX
Cutlet Line
C4  0-15 H.E. GOX Qutlet NA SN 1.530 1,300 800 8
Line to H. E. GOX
Wrap-Around Line
D5 0-16M H.E. LOX Inlet _ NA TS 0.510 1,300 -300 4
Pressure Trans-
ducer (@)
DS 0-1TM H.E. LOX Inlet NA TS 0.510 1,300 -300 4
Temperature
Transducer(d)
D5 0-18 Tube (H.E. LOX NA TS 0.510 1,300 -300 4
nlet Pressure)(@
C4 0-15M E.E. GOX Out Pres- NA CN 0.510 1,300 800 4
sure Transducer and
Hose (2 seals)
C4  0-20M H.E. GOX Out Tem~- NA .CN 0.510 1,300 800 4
perature Transducer(@)
A3 0-21M LOX Pump Discharge NA TS 0.510 1,700 ~300 4
A4 Pressure Transducer
and Tube Assembly
(4 seals)
B4 0-23 GG LOX Purge Check NA TS 0.464 1,200 ~300 3
Valve to GG Ball
Valve
A4 0-25 LOX Seal Cavity Pres~- NA TS 0.510 12 -300 to 4
sure Transducer(@) +130
A4 0-26 LOX Pump Seal F AL 0.213 1,700 - 300 1
Cavity; Static Firing
Instrumentation (Port
PO2b-2)(4 seals) ~
A3 0-28 LOX Pump Discharge KB TS 0.451 1,700 ~-300 1
Ad No. 2; Static Firing .
Instrumentation (Port F AL 0.213 1,700 ~300 1
PO2b-2)(2 seals each
of 2 different seals)
(a) Engines not incorporating MD96 or MD37 change
Figure 2-26. System Joint and Seal Schematic (Sheet 3 of 13)
Change No. 9 - 4 November 1970 2-59
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Section I¥

R-3896-1

Joint Information

Seal Information

Environment

Pressure, | Temperature, | Number of
Zone | Code Description Type {Material {ID, in. psig °F Fasteners
OXIDIZER PROPELLANT SYSTEM JOINTS (continued)
A5 0-29 LOX Pump Discharge XB TS 8.451 1,700 -300 1
{(continued) No. 1; Static Firing
Instrumentation (Port F AL 0.213 1,700 -300 1
PCaZb-1)(2 seals each
of Z different seals)
F3 0-30 Oxidizer Dome {o SP STF 41.062 1,450 -300 58
Injector
FUEL PROPELLANT SVSTEM JOINTS
AZ F-1 Fuel Suction Duct to GO VA 12 150 $-130 40
A5 Fuel Low-Pressure
Duct (2 scals)
A4 ¥-2M Feel Low-Pressure GO VA 8.5 150 0-13C 36
Duct to fuel Pump
inlet (2 seals)
B4 F-3M No. 1 and 2 Fuel GO VA 3 1,815 0-130 20
Pumy Catlet to
Spacer to High-
Pressure Ducts
(4 seals)
B3 -4M No. 2 Fuel High- GO VA 2.28 1, 815 0-130 8
Pressure Duct to GG
O Fuel Upstream Line GO VA 1.25 1,815 0~-130 8
B ¥-5 GG Fuel Upstream GO VA 1.25 1,815 0-130 . 8
Line to GG Fuel C
Downstream Line
B3 F-6 GG Fuel Downstréeam GO VA 2 1,330 0-130 8
Line to GG Ball Valve
Inlet
E5 F-7 No. 1 Fuel High- GO VA 0.875 1,815 0-13¢ 4
Pressure Duct to Ig-
niter Fuel Valve
Supply Line
No. 1 Fuel High- OR VA 1.176 1,815 0~130 4
Pressure Duct to
Igniter Fuel Valve
Supply
E3 F-8 Igniter Fuel Valve GO VA 0.625 1,700 0-130 4
Supply Line to Igniter
Fuel Valve Inlet
Igniter Fuel Valve OR VA 1.176 1,700 0-130 4

Supply Line to Igniter

Fuel Valve Inlet (2 seals)

Figure 2-26, System Joint and Seal Schematic (Sheet 4 of 13)
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R-3896-1 Section I

T !
Joint Information Seal Information Environmant :

i , Pressure, | Temperature, | Number of
Zone | Code Description Type { Material [ID, in. psig °F {Fasteners

FUEL PROPELLANT SYSTEM JOINTS (continued)

B4 F-9 Igniter Fuel Valve GO VA 0.625 1,500 0-130 4
'~ 'to Igniter Fuel Line
4 F-~10-  Igniter Fuél Lineto GO VA - G0.628 1,400 0-150 4
Tiirust Chamber
Injector
85 F-11 No. 1 High-Pressure GO VA 3 1,815 0~180 8
Duct to Gimbal Supply
Cover GO VA 1.875 1,815 0-1320 g
L F-12M  Fuel High-Pressure GO VA 6.52 1,815 -:30 20

Duct to No. 1 and 2
MTIV {2 seals)
F35 Frel High-Pressure GO VA 6.52 1,81% 0-130 20
Duct to Spacer to No. 1
and 2 MFV (4 seals)

G2z F-13M No. 1 and 2 MFV to GO VA 3 1,520 0~130 20
G5 fuel Manifold Inlet
(2 seals)

¥4 F-14 Prefill Inlet.Boss GO VA 1.492 1,520 0-130 6
Pl {cover)
|, Fs F-15M  DPreitil Level De- GO VA 1.489 1,320 ARERI N
SN tector Boss

Bz F-16 High~Pressure Duct GO VA 0.57 1,800 0-130 4

Bleed Line to Low-
Pressure Duct
Bz ¥F-17 High-Pressure Duct GO VA 0.735 1,800 3-130 4
Bleed Line to High-
Pressure Duct

45 TF-18@)  Fuel Pump Inlet Tem- GO VA 0.735 150 0-130 4
B5 perature Transducer
B4 F-19 Bearing Jet Pressure GO VA 0.1735 400 0-130 4
Transducer
B3 F-20 Fuel Pump Discharge GO VA 0.735 1,815 0-130 4
B4 Pressure Transducer
(4 seals) ‘
A3 F-21 Fuel Pump Inlet Pres- GO VA 0.1735 150 0-130 4
A4 sure Transducer
(2 seals)
A3 F-22 Fuel Pump Inlet Pres- GO VA 0.735 150 0-130 4
A4 sure Adapter to Inlet
(2 seals)
Gy F-23 Fuel Inlet Manifold OR VA 1.045 1,520 0-130 4
G4 Disconnect (2 seals)

(a) Engines not incorporating MD96 or MDS7 change

Figure 2-26. System Joint and Seal Schematic (Sheet 5 of 13)

Change No. 9 - 4 November 1970 2-61
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Section II

R-3896-1

Jeoint Inforpation

fleal Information

Fonvironmeant

Pressure, | Temperature,
[

Number of

Zone + Code Description Type Material}ID, in. psig ¥ Fasteners
i
FUEL PROPELLANT SYSTEM JOINTS (continued)
Gz r-24 Fuel Valve Drain Port OR VA 0.468 1,520 0-130 1
G5 Disconnect (2 seals)
E4 #-45 Tgniter Fuel Supply OR VA 0.739 1,815 0-130 4
Line Disconnect o :
e 26 fue: Taoolier Back- GO = VA 1.125 1,815 0-120 4
casine Lapply Orifice
Pz A Fuel Valve Disconnect  OR VA 9.739 1,815 0-130 4
5 2 seuls)
B3 F-ig Adapier, Hypergol GO VA 0.401 1,700 0-130 4
Bleed
L3 4 Adapter Plug, Hyper-  OR VA 0.351 1,700 0-130 1
ol 3leed
3 -30 Presill Inlet Valve OR VA 0.75 1,520 {-130 6
Assembiy ‘
r4 N Caliy Switch Boss to GO VA 0.735 1,520 0-130 6
Calip Switch
B2 F-32 High- Pressure Duct GO VA 0.735 1,815 0-130 4
Bleed Line to Low-
Pressure Duct
A2 F-33 AN814-4C Plug; Fuel OR VA 0.351 150 0-130 1
Ab Pumy inlet (3 seals)
B4 #-34 Fuel Inlet Duct to OR VA 0.239 150 0-130 1
Pump; Seal Monitor-
ing Port (2 seals)
B5  ¥-35 Fuel High-Pressure OR VA 0.739 1,815 0-130 4
Duct; Disconnect :
B3 r-36 Gas Generator Fuel OR VA 0.468 1,300 0-130 i
Drain Disconnect
(2 different seals) OR VA 0.351 1,300 0-130 1
¥-38 Fuel Pumyp inlet OR VA 0.3561 150 0-130 1
No. 2; &iatic Firing
Instrumientation
(Port K¥6d-2)(5 RD
and 2 VSF seals) F AL 0.213 150 0-130 i
#-40 No. 2 Fuel Discharge; F AL 0.213 150 -130 i
Static Firing Instru-
mentation {Port
PF2b-2)(2 seals)
B4 41 Fuel impeller Back- ¥ AL 0.213 1,300 0-130 1
casing; Static Firing
Instrumentation
(PF-10)(2 seals)
Figure 2-26. System Joint and Seal Schematic (Sheet 6 of 13)
2-62
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R-3896-1

Section {1

Joint Information

Seal Information

N T
Davircenment !

T
Code i

Pressure,

Temperature,: Number of

Zone Description Type | Material |ID, in. psig °F 1 fasteners
FUEL PROPELLANT SYSTEM JOINTS (continued) .

Ad - F-43 #uel Pump Discharge OR VA 0.351 1,815 0-130 1
No. 1; Static Firing '
“nstoumentation (Port
PF2b-1)(2 seals each
of 2 different seals) F AL 0.213 1,312 0~130 i

85 F-44 L,OX Pump Bearing F AL 0.213 1,815 0-130 1
Jet; Static Firing In- '
strumentation (Port
LD1b)(2 seals)

F-45 Fuel Pumyp Iniet No. F AL 0.213 150 0-130 1
1; Static Firing In-
strumentation (Port
KF6b-1)(2 seals)
HELIUM SYSTEM JOINTS

C4 H-1 Customer Connect to NA TS 1. 250 350 -300 6
Helium Supply Cross-
over :

C4 H-2 Helium Crossover to NA TS 1. 250 350 -300 6
Supply Duct Assembly

C4 H-3 Helium Supply Duct to NA TS 1.026 350 ~-300 4
Bypass Hose (2 seals)

C4 ‘H-4M Helium Supply Duct NA CN. 3.2 350 ~300 8
to H. E.

C4 H-5M H.E. to Helium Re- NA CN 3.2 250 600 8
turn Duct

C4 H-6 Helium Return Duct  NA TS 1.032 250 0 4
to Bypass Hose

C4 H-T Helium Return Duct NA SN 1.530 250 600 8
to Crossover

C4 H-8 Helium Crossover NA SN 1.530 250 600 8
Return to Customer
Connect

¢4 H-9Mla) H.E. Helium Outlet NA CN 0.510 250 600 4
Pressure Transducer .

C4 H-10M(@) H.E. Helium Outlet NA CN 0.510 250 600 4

Temperature Trans-.
ducer

(a) Engines not incorporating MD96 or MD97 change

Figure 2-26. System Joint and Seal Schematic (Sheet 7 of 13)

Change No. 9 ~ 4 November 1970
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Section II

R-3896-1

Valve iniet (2 seals)

{a) Engines not incorporating MD96 or MD97 change

Joint Information Seal Information Environment
Pressure, {Temperature,; Numbeyr of
Zone | Code Description Type | Material{ID, in.j psig °F Fasteners
HELIUM SYSTEM JOINTS (continued)
Cc4 H-1.M(3) H.E. Helium inlet NA TS 0.510 350 -300 4
Pressure Transducer
C4 H-.:i%)  H.E. Hellum Inlet NA 8 0. 310 350 -306 4
Temyperature Trans-
ducer
c4 H-13(a) 703203 Hose (H.E. NA T3 0.510 350 ~-300 4
Helium Inlet Pressure)
c4  H-14(8) 703203 Hose (H.E. NA CN G.510 250Q 600 4
Heliuru Outlet Pres-
sure)
ZYDRAULIC FLUID SYSTEM JOINTS
D3 H¥-Z Hydraulic Supply GO VA 1. 31 1, 800 0-130 8
Crossover Cover
D3 ~7-3 Hydraulic Supply GO VA 0.875 1,800 0-13G 8
Crossover Line -
C4 -4 Ground Supply Port. GO VA 0.875 1,800 0-~136 4
of Ceniro. Valve
Bz E-3 High-Pressure Duct GO VA 1.176 1,80Q 0-130C 4
to Control Vawe Sup-
ply Line (2 seais)
C3 s *-8 Engine Suppiy Port OR A 1,114 1,800 0-136 4
of Control Valve '
{2 seals)
Cc3 HE-T Close~Pressure GO VA 0.875 1,800 0-1350 4
Port ¢oi Control Valve
(2 sealsi(1l seal)
C3 L-8 Open-Pressuze Port GO VA 0.875 1,800 0-130 4
of Coantrol Valve (2
sealg)
L OHF-D No. I and 2 MLV GO VA 0.870 1,800 0-130 4
g Cpen Control Port
(2 seals]
Gl {dr-10 No. 1 ana 2 MLV GO VA 0.625 1,800 0-130 4
G& Close Control Port
(2 seals)
Gl  H¥-11 No. 1 and Z2 Main GO VA 0.406 1,800 0~-1i36 4
Go Oxidizer Sequence

2-64

Figure 2-26. System Joint and Seal Schematic (Sheet 8 of 13)
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R-3896-1

Section II

Joint Information

Seal Information

Environment

Pressure, |{Temperature,
o

Number of

Fuel Manifold

Zone | Code Description Type | Material|{ID, in. psig F Fasteners
HYDRAULIC FLUID SYSTEM JOINTS (continued)

Gl HF-12 No. 1 and 2 Main Oxi- GO VA 0.406 1,800 0-130 4

G dizer Sequence Valve
Outlet (2 seals)

D3 HF-13 1iviV Hydraulic Inlet GO VA 0.625 1,800 0-130 4
Port :

D3  HF-14 1MV Open Port to GO VA 0.406 1,800 0-130 4
No. 1 MFV .

D3 HF-15 IMV Open Port to GO VA 0.406 1,800 0-130 4
No. 2 MFV

D3 HF-16 A1V Bydraulic Return GO VA 0.500 1,800 (-130 4
Port

B1  HF-17 iMV keturn to Com~ GO VA 0.500 1,800 0-130 4
mon System Return

C2 HF-18 Control Valve Hy- GO VA 1.125 . 1,800 0-130 8
draulic Return Port

B2 HFr-19 Control Valve Return GO VA 1,125 1,800 0-130 &
Line to Common
Return

A2 HF-20 Blind Cover 601546 to GO VA 2.448 1,800 0-130 3
Common Hydraulic

: Return

B2 HI-21 Engine Hydraulic Re- GO VA 2.750 1,800 0~130 8
iurn Line at Checkout
Vaive

A2 HF-22 Engine Hydraulic Re- GO VA 2.7150 1,800 0-130 8
turn Line to No. 2
Fuel Inlet

B2 HF-23 Actuator Return Line GO VA 2.7506 1,800 0-136 8
Assembly to Check-
out Valve

F2 HF-24 No. 1 and 2 MFV Open GO VA.  0.735 1,800 4~130 g

F6 Control Port (2 seals)

F2 HF-25 No. 1 and 2 MFV GO VA 0.406 1,800 0~-130 4

6 Closing Control Port
(2 seals)

C3 HF-26 Flange in GG Close GO VA 0.406 1,800 0~130 4
Line

B3 HF-27 Closing Control Line GO VA 0.406 1,800 0-130 4
at GG

B35  HF-28 Opening Control Line GO VA 0.400 1,800 0-130 6
at GG :

F3 HF-29 IMV Sense Line at GO VA 0.307 1,800 0-130 4

Figure 2-26. System Joint and Seal Schematic (Sheet 9 of 13)

Change No. 9 - 4 November 1970
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Section I

R-3896-1

Joint Information Seal Information Ernvironment
Pressure,| Temperature,| Number of
Zone | Code Description Type |Material {ID, in.| psig °F Fastaners
HYDRAULIC FLUID SYSTEM JOINTS (continued)

D3 HF-32 IMV Sense Pressure OR VA 0.739 1,800 0~130 4
Inlet Port (2 seals) _

B2 HF-35 Common Hydraulic GO VA 0.735 1,800 0-130 4
Return Pressure : :
Transducer

C3 HF-36() Engine Control Open GO VA 0.735 1,800 0~130 4
Transducer

C3 HF-37(@) Engine Control Close GO VA 0.735 1,800 0-130 4
Transducer

C3 HF-38 Plugs at Open and OR VA 0.351 1,800 0~-130 1
Close Control Ports
of Conirol Valve
(2 seals)

A2  HF-39 Hydraulic Return OR VA 0.739 1,800 0-130 4
Disconnect

DZ HF-40 Four-Way Valve Sup- OR VA 0.735 1,800 0-130 4

" ply Disconnect

Bz HF-41 Checkout Valve to GO VA 2.323 1,800 0~130 8
Hydraulic Return
Greund Facility Line

Bl Hf-~44 Gimbal Return Line GO VA 2,448 1,800 0-130 8
Cover

5L HEF-45 Gimbai Return Line OR VA 0.739 1,800 0-130 4
Cover Disconnect

C: 246 Hydraulic Return Line GO VA 1.52 1, 800 3-130 6
to Crossover

C2 w47 Contrcl System Sup- OR TA 0.351 1,800 0-130 1
ply; Static Firing In-
strumentation (Port
NE1b;(2 seals each of 2
ditferent seals) F AL 0.213 1,800 0~-136 i

C3 H¥-44 Engiaz Control Open; OR VA 0.351 1,800 0-130 1

Static Firing Instru-
mentation (Port NH3b)
(2 seals)

(2) Engires not incorporating MD96 or MD$7 change

Figure 2-26. System Joint and Seal Schematic (Sheet 10 of 13)

Change No. 9 - 4 November 1970
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R-3896-1 Section U
¥
7 Joint Information Seal Information Environment
, -~ %\‘ Pressure, | Temperature,| Number of
\ 7 ‘Zone| Code ' Description | Type| Material{ID, in. psig °F Fasteners
HYDRAULIC FLUID SYSTEM JOINTS (continued)
C3 HF-49 Engine Control Close; OR VA 0. 351 1,800 0-130 1
Static Firing Instru-
mentation (Port NH2b)
(2 seals each of 2 dif-
ferent seals) F AL 0.213 1, 800 0-130 . i
C2 HF-51 Engine Control Valve F AL 0.21 1, 800 0-130 1
to Redundant Shut- O VA 0.351 1. 800 0-13C i
down Valve (Port
NH1a)
C2  HF-bH2 Engine Control Valve GO VA 0. 182 1, 800 0-130 4

to Redundant Shut-
down Vaive {In Port) :

CZ  HF-53 Redundant Shutdown GO VA 0.182 1,800 0-130 4
Valve to Engine Con-~
trcl Valve (Cut Port)

C: Hr-54 Recundant Shutdown F AL 0.213 2. 500 0-130
Vaive to Engine Con-
trol Valve (Override

it

Port) 0 VA 0. 644 1, 800 0-130 1
C2 HF-55 Redundant Shutdown OR VA 0.351 1, 800 0-130 1
Valve to Engine Con-
trol Valve (Port NHS8)
PN (2 seals each of 2
S different seals) F AL 0.213 1, 800 0-130 1
= HOT-GAS SYSTEM JOINTS
C4  HG-1 Gas Generator Com- XB GS 0. 451 1,000 1,450 1
bustor Drain Plug '
r 0 HG-2M GasGenerator Com-  NA SN 8.780 1,000 1, 45C 24
bustor o Turbine Inlet
B4 HG-3 Turbine Torus Tem- NA SN 0.510 950 1,660 4
perature Transducer _
C4 HG-4M  Turbins to Heat NA SN 40.7565 60 i, 170 120 -
Exchanger
C4 HG-5M  Turbine Outlet Pres- NA SN 0.510 80 1,170 4

sure Transducer and
Hose (2 seals)

Figure 2-26. System Joint and Seal Schematic (Sheet 11 of 13)
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Scction 1T

R-3896-1

Joint Information Seal Information Environment
Pressure, | Temperature, [Number of
Zonc| Code Description Type| Material | ID, in. psig °F Fasteners
HOT-GAS SYSTEM JOINTS (continued)

C4 HG-6M  Heat Exchanger to NA SN 23.94 30 1,170 60
Exhaust Manifold

H3 HG-7 Thrust Chamber to TP AN (117.1 20 1,170 240
Nozzle Extension in length

per seal)

C4 EG-8M  GGChamber Pres- NA SN 0.510 1,000 140 4
sure Transducer

¥4  HG-9M  ThrustChamber Com- NA SN 0.510 1,100 500 4
bustion Chamber Pres-
sure Transducer

¥F¢ o HG-10 Thrust Chamber Pres- NA CiN 0.875 1,100 500 6
su. . Transducer Boss

4 HE-11 Thr..st Chamber Pres- KB GS 0.325 1,100 300 i
su ¢ oadapter Plug

H4 1-13 Moseie Extension CR C 0.682 20 1,370 :
igniter (2 seals)

C4  El-ub Gas Generator CR c 0.682 1,000 1, 450 1
Igniter (2 seals)

C4  HG-16 Heat Exchanger; Static KB TS 0.451 1,000 1,450 1
Firing Instrumentation
{Port TGBA) (2 seals F AL 0.213 1,000 1,450 1
each of 2 different
seals)

Ca 318 GG Chamber; Static XB TS 0.451 1,000 140 1
Piring Instrumentation
(Port GG1b){} K-seal F AL 0.213 1,000 140 i
and 2 VSF seal)

Figure 2-26. System Joint and Seal Schematic (Sheet 12 of 13)
Z2-68 Change No. 9 - 4 November 1970
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R-3896-1 : Section {I
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R-3896-1

Section I
Paragraphs 2-25 to 2-28
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s> b i
1 i i 151
10 ‘ | i ‘
[ iz
: ‘ {1
- i
PRE-START | i
l.'i
. 4
R i W
i i ; ! '
‘ ' § \ i
0 L | Lo
0 1 2 3 q 3 31
TIME FROM ENGINE OPEN CONTROL VALVE SIGNAL, SECONDS N
i
| ¥1-1-109 |1

Figure 2-10. Hydraulic Flowrate at Nominal Control System Values

The engine without thermal insulation in-
iiled, when supplied with required operating
38, electrical power, and fuel and oxidizer
gropeilants, will not suffer detrimental effects
wosa exposed o an ambient temperature range
57 0” to 130° F for 16 hours, except as limited
o, the freezing point of the thrust chamber pre-
fiil fluid.

%-26, The enzine with thermal insulation in-

stalled, when supplied with required operating
fluids, electrical power, and fuel and oxidizer
propellants, will not suffer detrimental effects

when exposed to an ambient temperature range
of 28° to 130° F for 16 hours, excepnt as limited

by the freezing point of the thrust chamber pre-

fill fluid.

2-27. GROUND HYDRAULIC FLUID SUPPLY
TEMPERATURE.

2-28. Ground hydraulic fluid supplied tc the
engine must be within a temperature range of
60° to 130° F and a pressure range of 1,400~
1, 800 psig at the customer connect point when-
ever oxidizer propellant is in the engine.

Change No. 9 - 4 November 1970 2-9
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Section 11 R-3896-1

Paragrapns 2-29to 2-34

2-29, THERMAL INSULATION COCOON
ENVIRONMENTAL CONDITIONING ENVELOPE.

2-30. The recommended thermal insulation co-
coon environmental conditioning external input to
maintain a safe engine starting temperature
withinthe cocoon ispresented infigure2-11. The
heated purge supply should be turned on any time
the ambientair temperature is 55° F or less with
oxidizer propellant inthe engine. GN, supplied
to the eungine interface at temperatures andpres-
sures of fizure2-11and the above conditions
will mainsain the temperature inside the cocoon,
as measgured on the Environmental Flight Trans-
du\,cr, z t 10° F or above when the outside ambi-
ent air vemperature is 28° F or above.

2-31. MASS PROPERTIES .. TA.

2-32. Weight, cenier of aravity, and inertia
data is presented infigures 2-12 through2-20A
to aid in determination of stage-actuator-engine
system combined natural frequency and also to
2id in trajectory analysis.

2-33. WEIGHT STATUS.

Z 34, Gee figure 2-1Z% for the approximate
£

-eights of the engine major compohnents and
izure 2-13 for the current engine weight status.

MAXIMUM ALLOWABLE ENERGY FOR
FLIGHT ENVIRONMENTAL TEMPERATURE = 130°F
AMBIENT TEMPHT{A"“URI = 55° F—y

430
r fxu:,MUM ALLOWABLE \| \\/
ZRGY F

L Te \’./A}(ONME,NTA.J ;
SMPERATURE = 136" # 1
HBIENT TEMPERATURE =\

: 130° F ] i .
380 bmmen t 1 —=

460°%

O
S MAXIMUM ALLOWABLE .
. _ ENERGY FOK FLIGHT \ \
‘éggol» ---} ENVIRONMENTAL
= \I““MPERATURE. = 10°F \ AN
@ AMBIENT TEMPERATURE =
=
IR e ik D
" — FLOWRATE = \ | &
o \ 5.5 AJB/’VIH\UTL l 1:
4 200} '\—r——i 1
R fqp.x.nm’// SEI
Z i N[ ,LNV‘- LOPW =
- 160 ; / 1631
{‘E\IP“RATURE “ 168
| ™S 350° F 12
120 v ‘ e~ i 1 &
Z piowRATE = ~ -~ 1
4.5 LB/MINUTE - :gz)
1 I i
] LEGEND |
E ! —ee e CALCULATED DATA
40t o m e = = SEAL TEMPERATURE
! LIMIT
1
o ! | I 1 l

106 140 180 220 260 300 340 380 420
INTERFACE TEMPERATURE, °F F1-11-17A

Figure 2-11. Recommended Thermal Insulation
Cocoon Purge Operating Range Envelope

2-10 Change No. 9 - 4 November 1970

Weight
COMPONENT {Pounds)
Gas Generator Assembly (In- 218
cluding combustor, injector,
and ball valve)
Heat Exchanger 823
Thrust Chamber
Oxidizer Dome 1,58%8
Injector 1,171
Thrust Chamber Body 5,237
Zxtension Nozzle 1,621
Gimbal Bearing 426
Oxidizer System
Oxidizer Valve 168
No. 1 Turbopump Oxidizer a6
Outlet Line
No. 2 Turbopump Oxidizer 70
Cutlet Line
Fuel System
Fuel Valve 30
No. 1 Turbopump Fuel 35
QOutlet Line
No. 2 Turbopump Fuel 68
Cutlet Line
Adapter (Inlet to pump) 81
Turbopump (Average) 3,150
Hypergol Assembly (Including 40
container, cartridge, mount,
and igaition monitor valve)
Hydraulic Filter and Four-Way 39
Solenoid Valve Manifold
Interface Panel (Without 413

connectors)

Figure 2-12. Major Component Weight List

//”"'\\

N




R-3896-1

section Il
Paragraphs 2-35 to 2-38

o "\, Weight (Pounds)
~ | F-2045-1,
F-2029 ; F-2043 | F-2066 F-2090
Thru | Thru f Thru i and
Iterm DESCRIPTION F-2042 F-2065 : F-2089 | Subs
1-+2  Rocket Engine--Wet 20,850 | 20,746 | 20,756 1 20,633
1 +3  Rocket Engine--Burnout 20,431 | 20,327 & 20,347 7 20,415
j SR 5 U S b
i Rocket Bas.  ~Dry 18,682 ! 1¥ 378 18,508
Thrust Charer (Including skirt, 1,6211b) 8,508 | 5,505 | 8,508 :
Gimbal Bearug 467 169 467
Turbosuamp 3,152 3,150 3,151
Turbopuizp Mount (Including provisions on 342 342 342
T/C, 286 1b) |
Oxidizer System 651 | 8351 351 653
Fuel System 646 648 642 ; 642
Purge Sveien: 39 39 39 ! 29
fleci . a. Sysiem 83 - 8 85 85
Zimbal Supply System 180 1 180 81 181
Gas Generator System 336 | 336 336 ‘ 336
Exhaust System (Including T/C exhaust 995 995 997 998
manifold, 82€ ib) | ,
Flight Instrumentation 249 146 146 146
Ignition System 52 | 52 | 52 52
e, Intertace Installation 336 536 ; 543 543
B Pressurization System (Including heat 1,022 ¢ 1,019 | 1,019 1,028
L exchaager, 823 1b) !
Hydraulic Control System 66 167 | 195, . 195
Thermal Insulation--Permanent 58 58 | 72(2) ‘ 12
Thermal Insulation Set (TIS) 1,200 '[ 1,200 | 1,188 1,186
Z Rocket Engine Fluids (System Full) 2,168 | 2,168 | 2,188 2,217
3 Rocket Engine Fluids (Burnout) 1,749 1,749 ; 1,749 ! 1,799
i . ]
\a) Effective on engines F-2079 and subsequent.
Figure 2-13. Engine Weight Status
2~35. ENGINE COORDINATE AXES. 2-37. CENTER OF GRAVITY AND INERTIA
DATA.
2-36. See figure 2-14 for engine coordinate
axes. 2-38. See figures 2-18 through 2-20A for the
current engine weight, center of gravity, and
inertia data.

Change No. 10 - 16 July 1971 2-11



Section il R-3896-1

: I \\‘
\ J
. s . M
REFERENCE DATUM g, u
| 1 /-— E DATUM (0,0, 0) | ,
» ‘ {"“;\ |
| Wiy
R&&‘Pz, ! i
| A o
| ‘ Lo ! i
NO. 1 ACTUATOR ' %
ATTACH POINT i
NO. 2 GIMBAL GIMBAL 3
AXIS BEARING i
i
\ —— NO. 2 ACTUATOR ,
ATTACH POINT !
NO. 1 GIMBAL _i
] |
~ NOTE l
ARROW INDICATES POSITIVE (+) DIRECTION; Y, X, Z = ENGINE AXES. Y, X;, Zg = GIMBAL AXES. |
|
|
F1-1-110} g
Figure 2-14. Coordinate Axis Diagram N
1 Figures 2-15 through 2-17 deleted.
| L Center of Gravity Origin of Axas | Moment of Inertia
| .: ' (inches) (nches)  _ __ _ Slug¥)
‘ Weight| ¥ | X | Z |Axis System; Y | X z 1o Lo L
Item | Description (Lb) | (+) | (+) | (+) |Orientation | (+) | (+) | ) | vl s
(1) ER\;cket Engine-- |18, 682 |56.2(11.8{11.8 | Gimbal |56.2|11.8]11.9(6,822 17,497 17,532
. Dry i ‘ i :
{ ‘
| (2) 'Rocket Engine-- |20,851|54.312.1]12.1 | Gimbal |54.3|12.1}12.17, 558!18, 841 18,935
i L Wet | |
’ (3)(a)iwez Gimbaled 20,637 {54.9{12.3|12.2 Gimbal 54,9|12.3|12.2 |7,547|18,687 {18,772
: ! Mass ;
(a) Product of Inertia (Slug th): I =+886, 1 =-913, I__ = -966
XZ vz Xy
Figure 2-18. Weight, Center of Gravity, Moment of Inertia, and Product of inertia Data
(Engines F-2029 Through F-2042)
// A
:\\.;,»«

2-12 Change No. 12 - 12 May 1972
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R-3896-1 Section I

i. | T

’ Center of Gravity % Origin of Axes ‘ Moment of Inertia

' ‘ __(Inches) (Inches) ! (Slug Ft2)

; Weight! Y | X Z |Axis System| Y X oz 10 I I
Item | Description | (Lb) | (+) | (+) | (+) |Orientation | (+) | (+) | (+) | 7 x oz
1) ?Rocket Engine-- {18,578 56.3|11.8 11.8 Gimbal 56.3111.8 11.8§6,790 17.448117,499

H Dry | :

S i

; £ H i i :

(2) Rocket Engine-~:20,746|54.4/12.1111.9 | Gimbal 154.4|12.1111.9'7,529(18,795/ 18,901
wet : : i |

{ . : !

.(3)<-‘“§Wet Gimbaled |20,533 55.012.3%12.1 Gimbal {55.0(12.3]12.1/7,636118,800! 18,895
‘ :
i

| Mass

‘ i
i ! ' H

(a) Product of inertia (slug ft2): 1 = +880, I =-893, I = -961
XZ V% Xy

Figure 2-19. Weight, Center of Gravity, Moment of Inertia, and Produci of Inertia Data
(Engines F-2043 Through F-2065)

T ; R PO i e e e

Center of Gravity ! Origin of Axes Moment of Inertia
__(Inches) _ (Inches) (Slug Ft#)
Weight; Y | X Z |Axis System! Y X Z I Ix IZ
item Description Ib) | (+) | (#) (+) | Orientation ! (+) | {+) | (+) y -’
{{) |Rocket Engine--116,598|56.3]11.6|11.7 Gimbal 56.2111.611.7(6,8098117,437(17,470
Dry 1

(2) |Rocket Engine-~|20,766|54.4/12.011.9 Gimbal 54.4112.0111.97,548{18,779 |18, 866
Wet '

(3®) et Gimbaled |20,553 |55.0{12.1 |12.0| Gimbal |55.0[12.1|12.0|7,534|18,625 |18, 712
| Mass ’ 5

{a) Product of inertia (slug ftz): I =+894,1 =-956,1 =-1,033
X2z vz Xy

Figure 2-20. Weight., Center of Gravity, Moment of Inéi‘tia, and Product of Inertia Data
(Engines F-2066 Through F-2089)

Change No. 12 - 12 May 1972 2-13
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(a) Product of inertia {slug ft2): I =4899, 1 =-967, 1 =-1,046
XZ vz Xy

: Section I R-3896-1
Paragraphs 2-39 to 2-46
Center of Gravity Origin of Axes Moment of Inertia
! _ (Inches) (Inches) {Slug rt2)
‘ ' Weight | Y X Z !Axis System| Y @ X y4 I Ix IZ
Item | Description (Lb) | (+) | (+#) | (+) |Orientation | (+) | (+) | (+) y
(1) |Rocket Engine-~|18,616 [56.4/11.6 [11.7 Gimbal 56.4111.6 {11.716,830(17,537 17,577
Dry
(2) |Rocket Engine-- 20,833 |54.5/12.0 [11.9 Gimbal 54.4112.0(11.9(7,583,18,895 18,984
Wet
(3)(3)5Wet Gimbaled i20,620 55.1112.1 |12.6 Gimbal 55.1(12.1112.017,569/18,741 /18,830
Mass

Figure 2-20A. Weight, Center of Gravity, Moment of Inertia, and Product of Inertia Data
(Engines F-2045-1 and F-2090 Through F-2098)

2-39. INTERFACE CONNECTIONS.

2-40. Iiuterface connections shown contain only
physical descriptions of the intérface connect
points; engine envelope, and engine instrumen-
tation tap locations. For detail design criteria,
refer to F-1 Engine Interface Document,
R-6749.

interface requirements.
terminology used is as follows:

Pin..........

.

An explanation of the

The pin letfer
assigned ig for both
halves of the inter-
face and was de~
rived from the
letters on the con-

I 2-41, INTERFACE CONNECT POINTS. nector. Signalshave
: been referenced to
2-42. See figure 2-21 for location on engine of specific pins.

stage interface connect points and for engine
servicing connect points.

Functional Description

The purpose and
need for the signal

2-43. ENVELOPE DIMENSIONS. in relaticon to the
circuif involved.
y 2-44. See figure 2-22 for engine envelope di-
| mensions. Origin . . ... ... .. The source of the

2-45, ELECTRICAL INTERFACE.

2-46. Jee figure 2-23 for the connector num-
bers, connector types, pin functions, and

other characteristics concerned with electrical

1ol Change No. 10 - 16 July 1971

Termination .

e o v & v o

signal.

The terminating or
receiving point of
the signal.

o,
[/‘” :



Soction {1

i
GIMBAL BEARING

. ) NO. 2 FUEL VALVE DRAIN .
NO. 2 FUEL VALVE QUICK-DISCONNECT
PURGE QUICK-DISCONNECT
i
IGONT TN INFIOR
_ VALVE SENSE LINE
? QUICK-DISCONNECT
NO. 2 FUEL PUMP
LET
QUICK=DISCONNLCT,
NO. 2 FUEL
i HIGH-PRESSURE DUCT ) o o
QUICK=DISCONNECT. “~—— ENGINE HYDRAULIZ
; SUPPLY
| QUICK-DISCONNECT
\—ENGINE HYDRAULIC
5\ AETURN LINE
\ QUICK-DISCONNECT
e : 5
e Al
i
|
1
THRUST CHAMBER THRUST CHAMBER THRUST CHAMBER
JACKET DRAIN JACKET DRAIN JACKET DRAIN
: ADAPTER NO. 1 ADAPTER NO. 4 ADAPTER NO, 3
i
[
| F1-1-94A
L

Figure 2-21. Operating and Servicing Interface Connections (Sheet 1 of 3)
Change No. 9 ~ 4 November 1970
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Section II R-3896-1

TURBOPUMP OXIDIZER DOME HELIUM SUPPLY
TORQUE DRIVE GEAR FLUSH PORT 3

NO. 1 FUEL

NO. 2 FUEL PUMP INLET

PUMP INLET ~——.

OXIDIZER
Y PUMP INLET

GOX RETURN
HYDRAULIC SUPPLY

R AN S WY SR

¥ 3 OXIDIZER DOME
. AND OXIDIZER

INJECTOR PURGE ————r HELIUM RETURN

X OXIDIZER DOME
t : i FLUSH PORT 2A OXIDIZER DOML

FLUSH PORT 14

3 OXIDIZER DOME

; 4 FLUSH PORT 2B OXIDIZER DOME

FLUSH PORT 1B

NO. 2 FUEL VALVE
PURGE QUICK~-
DISCONNECT

e

NO. 1 FUEL VALVE PURGE {"»«,\
NO. 2 THRUST CHAMBER QUICK-DISCONNECT £
FUEL INLET
QUICK~DISCONNECT

COCOON PURGE

NO..1 THRUST CHAMBER
FUEL INLET
THRUST CHAMBER QUICK~DISCONNECT

JACKET PREFILL

{: IMBAL SYSTEM
4 TURBOPUMP OXIDIZER S urpLy
; SEAL GAS GENERATOR
/ ACTUATOR PURGE - MO, 1 GIMBAL
i ACTUATOR MOUNT ‘
B |
HYDRAULIC RETURN NO. & GIMBAL ACTUATOR
Et OXIDIZER DOME
5 NO. 2 GIMBAL FLUSH PORT 4 HYPERGOL
: ACTUATOR MOUNT CONTAINER
: IGNTTION MONITOR VALVE GIMBAL SYSTEM
QUICK-~DISCONNECT RETURN
, QUICK-DISCONNECT
£
.
. F1-1-32B/ ™
§ \
" \
g \‘-g‘./
3 Figure 2-21. Operating and Servicing Interface Connections (Sheet 2 of 3)

2-16 Change No. 9 - 4 November 1970
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oction I

[ 47
(¢

NO. 1 FUEL VALVE DRAIN AS GENERATOR BALL
QUICK-DISCONNECT VALVE FUEL INLETY
: QUICK-DISCONNECT

HYPERGOL :

MANIFOLD PURGE g

QUICK=-DISCONNECT :

NO. 1 FUEL PUMP INLET ||/

QUICK=DISCONNECT r

! HYPERGOL

MANIFOLD DRAIN :

QUICK~DISCONNECT

i

i

! IGNITER FUEL LINE g

|  QUICK=DISCONNECT )

{ #

{ :

GiMBAL SYSTEM :

i ENGINE SUPPLY i

f i

i b4

! NO. 1FUEL i

HIGH-PRESSURE DUCT ;

i BEARING COOLANT VALVE |}

| QUICK-DISCONNECT G AN :

{ =

|

|

.t z

! Hi

! A

i 21

! i

i ‘;4

v K

‘ {

i
i
i
H
|
1

L mrrrr cEaMEER o

JACKET DRaIV b

ADAPTER NO. 2

|

| :
|

lL F1-1-95A | £

i

Figure 2-21. Operating and Servicing Interface Connections (Sheet 3 of 3) 5

Pages 2-19 through 2-22 deleted.

N
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R-3896-1

N Top—

12.00 SPHERICAL
RADIUS (REF}

X3.80 RADIUS —-\

sl A \

F
J

B
B

§ \
“—GIMBAL CENTER |
|

A

i
iy
.
[
[
[
[
i

123,50 .
DIAMETER .

(REF)

I

150. 00

-

g i
P

12.00 RRADIUS -
(TYP 2 PLACES)

215.50

12.00 SPHERIC AL RADIUS

~ }
e 1. 00 hADIUS i
s

(TYP 8 PLACES)

15,75 RADiUs ‘,_:

{TY? 2 PLACES)

§1.75- : } i

t=——25. 87 ~~ : ! L
— "

: {

r | !

: i i

-

_v.\

- 11.00

NOTE

ALL DIMENSIONS
ARE IN INCHES,

- GIMBAL CENTER S
REF v) i iy 35,00 4
: o
i e
\\\L—-——//
L 54, 00 et !
¢
103, 24 . '?
L2

Figure 2-2Z. “agine Envelope Dimensions

Change No. 2 - 16 august 1007 2~ a3
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setion L R-3896~1

P

; | Signal ;
; ! i i N
i ? Termina~- ‘ | iy
oL . .. . e T il R U i )
Bins  Suoolionnd Description | Origin tion Pin | Punctionul Description | S
i J— . H i ——
HECTOR J~18: Connector equivalent to h  Vehicle Power.
an MiS3101R36~10P with Supply=--Provides
4¢ contacts, size vehicle power to
ST E18 GSE (input)-
PR AW ‘ ) N
voturnior open-
L ; g ond closing
- !
i I PR
|
s s
hY
Z L B P Engine GSE ;
T . '
- ' rectors are
no™ | curad
RN :
' ! . ~ , - —
o . ! m avine Control Fagine GEX
Engine GSE oA = L0 e A
j
» !
i ;:\»._ﬁcnum L.nrout;}:
’ closing solenoid
: to make sure both
2 Engine GSE ; comiectors are
S \ i secured
Drugkage--Heoter g
wjCie signal . n XIagine Control Csk Engine
ccatnut) A ! Valve--Opening
¢ Spaves . solenoid ener-
3 ' glzing signal

o ' (input)
. GSE  Engine Checkout Valve-- GSE Engine
' 28 vde signal to

’ drive checkout

; valve motor (o

engine return

position {input)

P

stat coatro

package (mvut,

s Control GSE Engine
T we (V] 5 3

e ‘v-LOvln;:., vde signal to
enoid energis= ! drive checkout
W mdora i {5 A

.. signal (input) ! valve motor to
zround return
position (input)

-~

,J
I
o
I
o
—
A
<
i)
&
<
®

i

]

4
(&)
e

!
b

Figure 2-23. Electrical Interface Requirements (Sheet 1 of 14)

PR Change No. 6 - 14 August 1968
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R-3896-1

Section {I

{ Signal Sl !
l Termina- PTormina~
Pin tLFunc‘cional Description | Origin tion Pin | Functional Description | Origirzi ticn
r Checkout Valve-- Engine GSE D Redundant Shutdown GSE Eungine
~Signalindicating . Valve--28 vdc power
valve in engine energizing signal
return position (input)
{output)
5 Checkoul Valve-- Engine GSE E Spare
Signal indicating
valve in ground
return position F Spare
{output)
t  Checkout Valve-- Engine GSE H Spare
Ground return for
motor ¢:: checkout
valve H  Redundant Shutdown Engine GSE
Valve--Monitoring
L Spares signal
thruy
y .
H(a) Spare
2z  Shieldea Termina~
tion--Connects
engine shielding J Spare
to GSE shielding
CONNECTOR J-19: Connector equivalent K Spare
to an MS3101R20-33P
with 11 contacts,
size AWG #16
A Spare
Hypergol Car- GSE Engine
tridge-~28 vdce
power to car-
tridge swiich
common ter-
minal (input)
C Hypergol Car- Engine GSE
tridge--Signal
indicating hy-
pergol cartridge
installed (output)
{a) Engines incorporating MD152 change
Figure 2-23, Electrical Interface Requirements (Sheet 2 of i4)
Change No. 9 - 4 November 1970 2-25



Section II R-3896-1

e e e T L

Signal Signal o
t /
: Termina~- Termina- Q
1 Pin | Functional Description | Origin| tion Pin | Functional Description {Origin tion )
L Spare V  Vehicle Power Engine Stage
Supply--Negative and
, returnfrom GSE GSE
L  Redundant Shutdown Engine GSE and engine control
Valve-~Negative ‘ valve closing solenoid
return W  Spare
M Shield Termination-- X Spare

Connects engine Y Vehicle Power Stage GSE

shielding to GSE Supply--Provides

shielding vehicle power to GSE

Z Spare
CONNECTOR J-20: Connector equivalent
to an MS3101R28-12P a Spare
with 26 contacts, size b Shielded Termination--
AWG #16 Connects engine shield-
‘ ' ing to stage shielding
‘ A Spares d Engine Control Valve-- Stage Engine
thru ‘ Closing solenoid ener-
' gizing signal from
vehicle; signal time
durationto 100 ms (input)
E ©No. 1 Thrust OK Engine GSE CONNECTOR J-100: Connector equivalentto

Pressure Switch-- an MS3101R20-16P with

Signal Indicating 9 contacts, sizes2 AWG

engine is not up to ' #12 and 7 AWG #16

full thrust (output) A Positive 28 VDC Stage  Engine

; Power Source for

4 : . Primary Instru-

i F No. 1 Thrust OK GSE Engine .

!f’ . mentation System

i Pressure Switch-- Sy )

28 vdc power (input) B 28 VDC Power Re- Stage Engine
turnfor Primary In- :
strumentation System

G No. 1 Thrust OK Engine GSE c Positive 28 VDC Stage Enci
o v ngine
?‘ressu'recai.SWt%%h‘- h Duplicate Power for
: b?gf}al n 10‘? l‘ig _ Primary Instrumenta-
: eagine has devel- tion Valve Position Switches

oped satisfactory : i N

thrust (output) D  5VDCDuplicate Power Stage Engine
Return and Pressure

H  Spares Transducer Signal Re-
thru . turnfor Primary Instru-~
U mentation System

™
)

Figure 2-23. Electrical Interface Requirements (Sheet 3 of 14)
2-26 Change No. 9 - 4 November 1970



R-38%6~1

Section Il

Signal Sismal
Termina- Termina~
Pin | Functional Description | Origin tion Pin | Functional Description | Origin tion

E  Spares L  Combustion Chamber Engine Stage

thru Pressure Transducer

H Signal Output (D-8)

1 Shield Return for Engine Stage M Combustion Chamber . GSE Engine
Primary Instru-- Pressure Transducer :
mentation System 20-Percent Calibruuon

and Checkout Voltage
CONNECTOR J-101: Connector equivalent Input (D-8)
to an MS3101R28-21P
with 37 contacts, size N Combustion Chamber GSE Engine
37T AWG #16 Pressure Transducer
80~-Percent Calibration

A Positive 28 VDC Stage Engine and Checkout Voltage
Duplicate Power Input (D-8)

Source for Pri-
mary Instrumen- Spare
tation System
R Spare

B 28 VDC Duplicate * Stage  Engine
Power Return for . S  Common Hydraulic GSE Engine
Primary instru- Return Pressure
mentation System- Transducer 20-

. Percent Calibration

C Positive 28 VDC Stage Engine and Checkout Voltage

Duplicate Power Input (D-126)

Source for Pri-

mary Instrumen- ’ . . .
yacye Position Signal Output (D-10)

D ;XN%S ggf&;%a;en d Stage Engine U Turbine Outlet Pr‘e\s- GSE Engine

Pressure Transducer ;iziTiang%(:‘ei.ZO-
Signal Return for and (;aklllecl lt %/,a llton
Primary Instrumen- out vollage
tation System Input (D-10)

£ Spares

whru
J
K Comraon Hydraulic GSE Engine

Return Pressure
Transducer 80~
Percent Calibration
and Checkout Voltage
Input (D~126)

Figure 2-23. Electrical Interface Requirements (Sheet 4 of 14)

Change No. 9 - ¢ Novembér 1970
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Section II

Pin

Functional Description

I

Pin l Functional Description

w

(R

e

Turbine Outlet
Prassure Transducer
80-Percent Calibra-
tion and Checkout
Voltage Input (D-10)

ixus Generator
Cramper Pressure
Transducer 20~
Yomccent Calibration
ar¢ Checkout Volt-

L enerator
Chamber Pressure
“ransducer §0-
cercent Calibration
and Checkout Volt-
age Input (D-9)

“yere

¢ omamon Hydraulic
cwocarn Pressurce
Transducer Signal
Trrput (D-128)

J0X Pump Bearing
Jet Pressure Trans-
ducer Signal Ouiput
(D-13)

LOX Sump Bearing

Jet Pressure Trans-
ducer 20~Percent
Jsaibration and Caneck-
o Voltage Input (D-13)

LOX Pump Bearing

Jet Pressure Trans-
Jucer 80-Percent
Calibration and Check-
out Voltage Input (D-13)

R~3896~1
Signal
Termina-
Origin| tion
GSE Engine e
f
GSE Engine i
!
g
GSE Engine
h
i
Engine Stage
!
' k
Engine Stage : -
GSE Engine
m
GSE Engine
n
{
P

Tuel Pump Inlet
No. 1 Pressure
Transducer Signal
Qutput (D-4)

Gas Generator
Chamber Pressure
Transducer Signal
Output (D=9}

L.OX Pump Discharge
No. 2 Pressure Trans-
ducer 20-Percei
Calibration ana Check-
out Voltage Input (D=3)

Tuel Pump Discharge
No. Z Pressure Trans-
ducer Signal Output
(D-7)

Fuel Pumyp Uischarge
No. 2 Pressure Trans-
ducer 20-Percent Cali~
braticn and Checkout
Voltage Input (D-7)

Fuel Pump InletNo. 1
Pressure Transducer
20~-Percent Calibration
and Checkout Voltage
Input (D-4)

Fuel Pump Inlet

No, 1 Pressure
Transducer 80-Per-
cent Calibration and
Checkout Vcltage
Input (D-4)

LOX Pump Discharge
Nao. 2 Pressure Trans=
ducer 80-Percent
Calibration and Check-
out Voltage Input {D-3)

LOX Pump Discharge
No. 2 Pressure Trans-
ducer Signal Output
(D-3)

Signal
Termina-
Origin ‘ tion
Engine Stage
Eangine Stage
GSE Engine
Engine Stage
GSE Engine
GSE Engine
G5 L ppgine
GSE Engine
Engine Stage

Figure 2-23. Electrical Interface Requirements (Sheet 5 of 14)

Change No. 9 - 4 November 1970



R-3896-1 Scetion I3

S Signal Signal
: »LMA,/ Termina~- Termina-
- Pin ] Functional Description | Origin tion Pin | Functional Description | Origin tion
r Fuel Pump Dis- GSE Engine H No. 2 Main Engine Stage
i charge No. 2 Pres- LOX Valve '
, sure Transducer Position Po-
i 80~-Percent Cali- C tentiometer
i bration and Checkout . Signal! Output
Voltage Input (D=7) . ' (K-10)
i
] : .
s Shield Return Engine Stage J  Positive 5 VDC Engine Engine
Excitation for No. 2
. CONNECTOR J102: Connector equivalent © Main LOX Valve
to an MS3101R22-14P Position Poten~
‘ . with 19 contacts, size tiometer {(K-10)
, : 19 AWG #16
K Spares
A Spare thru
! N
B * No. 1 Main Fuel Engine Stage
Valve Position ‘ P 5 VDC Return for Stage Engine
Potentiometer No. 1 Main Fuel
Signal Cutput ' Valve Position
(K-7) : ‘ Potentiometer (K-7)
; AT C  Positive 5 VDC Stage Engine R  DPositive 5 VDC Stage Engine
4 D Excitation for Excitation for No. 2
| No. 1 Main Fuel Main Fuel Valve
i Position Poten- Position Potentiometer
i tiometer (K-7) ' (X-8)
: . S 5 VDC Return ior Stage BEagine
D No. 2 Main Fuel Engine Stage No. o Mzin Fuel
Valve Position valve Position
Potentiometer Potentiometer (K-8)
Signal Output '
; (K-8) : T 5 VDC Return for Stage Ergine
‘ No. 2 Main LOX
E  Output SignalNo. 1 Engine Stage Valve Position
Main LOX Valve Potentiometer (K-10)
Position Poten-
i tiometer Signal U Spare
Output (K-9)
; Shield Return Engine SLare
] F  Positive 5 VDC Stage Engine
Excitation for No. 1 CONNECTOR J-103: Connector equivaicsil
Main LOX Valve to an MS3101122-148
: Position Poten- with 19 contdcts, size
4 tiometer (K-9) 19 AWG #16
G 5 VDC Return for Stage Engine A Spare
No. 1 Main LOX B Spare
Valve Position
e Potentiometer (K-9)
J Figure 2-23, Electrical Interface Requirements (Sheet 6 of 14)

Change No. 6 - 14 August 1968  2-29
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Section I

R-3896-1
Sigmnal Signal
Termina- Termina-
Pin | Functional Description | Origin tion Pin | Functional Description | Origin tion
C Gas Generator Valve Engine Stage U Spare
Limit Switch Open
Signal (K-6) V  Shield Return Engine  Stage
D <Cng Generator Valve Engine Stage CONNECTOR J-104: Connecior equivalent
wimit Switch Closed to an MS3101R20-27P
Signal (K-86) with 14 contacts, size
14 AWG #16
E  Nc¢. .1 Main Fuel Valve Engine Stage
.rnit Switch Open ! A Spare
o.onal (K=7)
B Spare
ok 1 Main ivel Valve Engine Stage
Zimit Switch Closed C  Turbopump Engine Stage
Sienal (K-7) Tachometer
Signal Output,
G No. Z Main Fuel Valve Engine Stage (T-1). Signal
iimit Switch Open frequency is pro-
Signal (K-8) portional to turbo-
pump angular speed,
H - Do, 2 Main Fuel Valve Engine Stage
113t Switch Closed D Turkppump Tacho- GSE Engine
Signal (K-8) meter Calibration
and Checkout Volt-
J No. 2 Main L,OX Valve Engine Stage age Input (T-1)
~it Switch Open .
Sional (K=10)
E Heat Exchanger LOX Engine Stage
K pares Inlet Flowmeter
thru +Signal Output (T-44)
N
P Veaicle Engine Cutoff  Engine Stage F Heat Exchanger Inlet Engine  Stage
~:zaal Received at Flowmeter Signal
zine Cutoff Solenoid QOutput (T-44)
““eference) (K-13) .
A Jiosed Signai, No. 1 - Engine Stage
Wiain LOX Valve Limit
Switeh (K-9)
S wo. 1 Main LOX Valve Engine Stage
Zimit Switch Open
Signal (K~9)
T No. 2 Main LOX Valve Engine Stage
L.1mit Switch Closed
Signal (K~10)
Figure 2-23. Electrical Interface Requirements (Sheet 7 of 14)
2-30  Change No. 9 - 4 November 1970
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R-3896~1 Section I
Signal Signal
Termina- Termina-
Pin | Functional Description | Origin tion Pin |Functional Description | Origin tion
G  Heat Exchanger LOX GSE Engine C Turbine Inlet Temper- Stage Engine
Inlet Flowmeter Cali- ature Resistance
. bration and Checkout Thermometer Sensor
~Voltage dnput (T~44) Output (C-3)
H  Heat Exchanger LOX  GSE Engine D LOX Pump Bearing Stage Engine
Inlet Flowmeter Cali- No. 1 Temperature
bration and Checkout Resistance Ther-
Voltage Input (T-44) mometer, Input
Common (C-6)
I Spare
thru E LOX Pump Bearing Engine Stage
X No. 1 Temperature
Resistance Ther-
Turbopump Tacho- Engine GSE mometer, Qutput
meter sSignal Cutput Common (C-6)
(T-1). Signal fre-
quency is proportional F «Engine Environmental Stage Engine
to turbopump angular Temperature Resist-
speed. ance Thermometer,
' : Input Common (C-943)
M  Turbopump Tacho- GSE Engine
meter Calibration ' G Engine Environmental Engine Stage
and Checkout Volt- Temperature Resist-
age snput (T-1) ance Thermometer,
Output Common (C-943)
N  Shield Return Engine Stage
H LOX Pump Bearing Stage Engine

CONNECTOR J-106: Connector equivalent

to an MS3101R20-29P
with 17 contacts, size
17T AWG #16

Spare

No. 2 Temperature
Resistance Ther-
mometer Sensor
Output (C-7)

Figure 2-23. Electrical Interface Requirements (Sheet 8 of 14)

Change No. 9 - 4 November 1970

2-31



Section II R-3896-1
Signal Signal
) Termina- ‘ Termina~
Pin {Functional Description | Origin tion Pin | Functional Description | Origin tion
H Engine Environmental Engine Stage CONNECTOR J-14O:Cb)Connector equivalent
Temperature Resist- toan MS3101R16S-8P
ance Thermometer, with 5 contacts, size
Sensor Qutput (C~943) 5 AWG #16
I Snar A Positive 28 VDC Stage Engine
Spare Duplicate Power for
Auxiliary instrumen-
K Spare tation System
L Spure B 28 VDCDuplicate Stage Engine
Power Return for
M Sp.oce Auxiliary Instru-
mentation System
N  7Tc e Inlet Stage  Engine ]
perature rlesist- C Soare
ari=¢ Thermometer s ;
D 5 VDC Duplicate Stage Engine
Input Common (C-3) Return an?i Pres-
' sure Transducer
P Turbine Inlet Engine Stage glilgnal Return for
Temperature Resist- Auxiliary Instru-
anze Thermometer :
tat Syst -
Crrput Common (C-3) mentation Bystemm f/fm\
E  Shield Returnfor Engine Stage U
R LOX Pump Bearing  Stage  Engine Auxiliary Instru-
No. I Temperature mentation System
Zesistance Ther- CONNECTOR J—141:(b) Coanector ecuivalent
ometer, Sensor to an MS3101R36-TP
Jutput (C-6) with 47 contacts,
sizes 40 AWG #16
S  Turbine Bearing Stage Engine and 7 AWG #12
Temperature Resist- . fhs N
ance Thermometer, A gﬁ;ﬁgﬁ E%X\I:; Stage Engine
Sensor Output (C-8) Source for Auxiliary
S  Spare Instrumentation System
, B 28 VDC Duplicate Stage Engine
T Shield Return Engine Stage Power Return for
Auxiliary Instru-
mentation System
C 28VDC Duplicate Stage Engine

. (b) Engines not incorporating MD96 or MDS7 change

Power Return for
Auxiliary Instru-
mentation System

2-32

Figure 2-23. Electrical Interface Requirements (Sheet 9 of 14)
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R-3896-1 Section I
Signal Signal
. Termina- l Termina-
Functional Description | Origin| tion Pin | Functional Description | Origin ! tion
5 VDC Duplicate Stage  Engine L LOX Pump Dis~ GSE Engine
Power Refurn and charge No. 1 Pres-
Pressure Transducer sure Transducer
Output Common for 80~ Percent Calibra-
Auxiliary Instrumen- tion and Checkout
- tation System Voliagz Input (D-2)
B Spare M ]f:lngine Control le)s- GSz Engine
i ing Pressure Trans-
‘ ducer 20-Percent
F  LOX Pump Discharge Engine Stage Calibration and Chi¢k=
No. 1 Prassure Trans- out Voltage Input (D~11)
ducer Signal Gutput
(D-2) N  Engine Conirol Opea~  Engine  Stage
ing Pressure Trans-
: G Spare c(iBizi:g)ngnal Output
i
bj H LOX Pump Discharge GSE Engine O Spare
i No. 1 Pressure Trans-
{ ducer 20-Percent ‘ ' P Spare
E PN Calibration and Check- :
: i Yy out Voltage Input (D-2) - R  Engine Control Clos-  GSE Engine
4 ing Pressure Trans-
. ducer 80-Percent
! Spare Calibration and Check-
out Voltage Input (D-11
J  Output Signal, Engine Engine Stage b ge Tnput (D-11)
. Control Clo;mg Pres- S Engine Control Open-  GSE Engine
: sureller ansaucer ing Pressure Trans-
' (D-11) ducer 20-Percent
: Calibration and Check~
K Spare out Voltage Input (D-12)
T  Fuel Pump Discharge Epgine Stage
o No, 1 Pressure Trans=
! , ducer Signal Output (D~6)
U Spare
V  Spare
W  Engine Control Cpen~- GSE Engine
ing Pressure Trans~
ducer 80-Percent
Calibration and Check-
out Voltage Input (D~12)
X  Spare
Figure 2-23. Electrical Interface Requirements (Sheet 10 of 14)
2-33
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Section II R-3896-1
{ Signal Signal
; Termina- Termina-
Pin | Functional Description | Origin] tion Pin | Functional Description | Origin tion
;; Y Heat Exchanger Engine Stage j Heat Exchanger Helium GSE Engine
E; Helium Inlet Pres- ' i Inlet Pressure Trans-
: sure Transducer ducer 80~Percent Cali-
Signal Output (D-19) bration and Checkour
, B 2 Soare : ; voltage Input (D-:3
| a  Heat Exchanger Engine Stage .k .OX Pump Seal Cavity GSE Engine
| Helium Inlet Pres- { ~  ©Sressure 80-Percent
sure Transducer | Caiibration and Check-
Signial Cutput {&-20) sat Voltage Input (D-14:
: b Spre . m Heat Excha.ger LOX Engine Stage
¢ LY Pump Seu Engine Stage i 7 inlet Pressure Trans-
T Cuviy Pressuit ! ducer Signal Output (D-17}
] Croasducer ol !
‘ i i (D=14Z, © n  .:.eat Exchanger Gase-  G3E Engire
: ¢ 7 ous Oxygen Outlet Pres-
d - Hua: Sxchanger GSE Engine i sure Transducer 20-
Helium Inlet Pres- Percent Calibration and
sure Transducer Checkout Voltage Input
20~ vercent Calibra- {D-18)
tic- and Checkout
Volt.ge Input (D-19) p Heat Exchanger LOX GSE Engine
. Inlet Pressure Trans-
€  Houo Exchanger . GSE Engine ducer 20-Percent
P um Outlet Pres- Calibration and Check~
suss Transducer out Voltage Input
2~ Dercent Calisra= (D-17)
t.3: and Checkout
Voitage Input (D-20) r Heat Exchanger GSE Xngine
Gaseous Oxygen
f  de.r Bxchanger GSE Engine QOutlet Pressure
Aelrm Outlet Pres- Transducer 80~
= e Transducer Percent Calibration
: 80~ Percent Calibra- and Checkout Voltage
: ticr. and Checkout . | Input (D-18)
; Voitage Input (D-20) :
) { 8  Heat Exchanger LOX GSE Engine
; g LOX Pump Seal Cavity GSE Engine inlet Pressure 30-
Pressure Transducer Percent Calibration
; 20~ ~ercent Calibra~ and Checkout Voltage
i t7:n and Checkout Input (D-17)
7oitage Input (D-142)
t  Spares
h  ii=w. Exchanger Gase- Engine Stage thru
T ous Oxygen Outlet Pres- y
sure Transducer Output
; Signal (D-18) iz  Shield Return Engine  Stage
% Figure 2-23. Electrical Interface Requirements (Sheet 11 of 14)
2-34
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R-3896-1 Section {1

B P Signal T
; - N),} Terming- ITermina-
' Pin l Functional Description {Origin| tion Pin Function;&i‘;oscriptioui;Ori;;m L tion
‘ - CONNECTOR J-142: , J  Heat Exchanger LOX  Stage Engine
( - ' '  Inlet Temperature Re- : '
s . sistance Thermometer
g A No. 2 Thrust OK Engine GSE Input Common (C-11)
; Pressure Switch--
| S;g‘r}al 1}1“}%”“3 K  Fuel Pump inlet No. 2 Stage Engine
i fe 1%1;1;;‘1{]‘(7”“ up 1o Temperature Kesisi-
u ust {output) ance Thermometer
§ : Input Common (C-24)
: B No. 2 Tnrust OK GSE Engine
; Pressure Switch-- L  Fuel Pump Inlet No. 2  Engine  Stage
2 28 vdc power Temperature Reiigi-
(input) ance Thermomic e
. Qutput Common {C-24}
C No. 2 Thr ust OK Engine GSE M Fuel Pump Inlet No. 2 Swage Engine
Pressure Switch-- Temperature He .ot~
Signal indicating ance Thermometer
engine has de- Sensor Output (C-24)
veloped satisfactory :
thrust (output) ' N Heat Exchanger LOX  Engine Stage
: Inlet Temperature
/™ D Shield Termination-- Resistance Thermom-
- ; Connecis engine eter Output Common

P shielding to S~IC (C-11)

' stage shieldin

’ ¢ s P Heat Exchanger LOX  Stage Engine
' Inlet Temperature

b
i CONNECTOR J-143:( ) Connector Resistance Thermom-

] equivalent to an eter Sensor Output
sg MS3101R24-28P (C-11)
: with 28 contacts,
‘; - . size 24 AWG #16 Q Heat Exchanger Helium Stage Engine
: Outlet Temperature
: A  Spares _ Resistance Thermom-
thru : eter Input Common
H ' : . (C-13)
R  Heat Exchanger Stage Engine

Gaseous Oxygen
Outlet Tempera-
ture Resistance
Thermometer Input
Common (C-12)

(b) Engines not incorporating MD96 or MDST7 change

Figure 2-23. Electrical Interface Requirements (Sheet 12 of 14)

{ ’ Change No. 9 - 4 November 1970 2-35



Section II R-3896-1
I
LI Signal I ’ Signal
- Termina- ! Termina-
i' Pin | Functional Description [Origin| tion Pin | Functional Description iOrigin tion
) Heat Exchanger Gas- Engine Stage CONNECTOR J-470: Connector equivalent
eous Oxygen Outlet to anMS3101R28-12P
Temperature Resist- with 26 contacts, size
ance Thermometer AWG #16
Output Common (C-12)
A Spare
T  He.t Exchanger Gas- . Stage  Engine
ecw.s Oxygen Outlet B  Gas Generator GSE Engine
Temperature Resist- Igniter No. 1. -
ance Thermometer and No. 2~-
Sensor Output (C-12) Continuity-checks
i ~ Ios o
v U  Heat Ei:changer”delium Engine Stage ;1:;;;1 Dl\?ofbx;x;iz
. > ~let temperature No. 2 indicating
;-~:_~.51stance Thermom- igniters installed
i gter Qutput Common (C-13) {input)
Voo e txchanger Helium - Stage  Engine C Gas Generator Igniter  GSE Engine
Cutiet Temperature No. 1 and No. 2--
Resistance Thermom- Continuity-checks
eter Sensor Outlet (C-13) through igniter links
i W Spares No. 1 and No. 2 indi-
i thru . cating igniters
% installed (input)
7 Shiesid Return Engine Stage D  Turbine Exhaust Engine GSE
p Igniter No. 1--500vac
i CONNECTOR J-174: {oturbine exhaustig-
niter No. 1 (input)
i A .. 3 Thrust OK Engine GSE -~
Pressure Switch-- E  Spares
Sienal indicating and
engine is not up to F
full tarust (output) Gas Generator GSE Engine
. . . Igniter No. 2--
B No. 3 Thrus§ OK GSE Engine 500 vac to gas
Pressure Switch-- generator igniter
28 vde power (input) No. 2 squib (input)
C No. 3 Thrust CX Engine GSE H Spare
Cressure Switch-- '
Siznal indicating Turbine Exhaust GSE Engine
ergine has de- Igniter No. 2--
veloped satisfactory 500 vac to turbine
{hrust (output) exhaust igniter
No. 2 squib (input)
D  Spare
K  Spare a
Shielding Termination--~
Connects engine shielding L. Spare
to S-1C stage shielding

Change No. 6 - 14 August 1968

Figure 2-23. Electrical Interface Requirements (Sheet 13 of 14)
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i S ; ?
. Termina- i
3 e - . . P . i ey H . .
! Funcilcnal Description | Origin tion [ Pin | Functioniy Josorinion
; :
Gag rator GSE Engine | a Cas G
Tgni 1-= : i niter No.
. ! t raggenaeraie
500 vac to gas i O gasgenerator !
generzior igniter | ter No. 1 squit Gnpu,
Mol frguib (input) -
‘ b Spare
S’:F‘L‘lﬂf )
d Shield Tevini oo Lo GsE
GSE Engine Connects & e
ingto GSE s
chcc'; croughigniter CONNECTOR J-8¢
i mn I\m ;nai\o. 2

GSE Engine f
; A Spare
woontinuily - ;oand
i :’“"gh igniter 5 B
. land No. 2 e .
mdm’m - igniters pC furbopu GSE Engine
i No, i--
installed i
i to turbo
Spare ' No. i (‘
Turbins I;;xhzmst GSE Engine | D Turbopum GSF usine
Tonil ] No. 1--203 yac PR
500 vac to turbine ' to turbopuis ! et
exhats L0 P No. 1 (ingut)
No. 1scuid (input) )
B Turbom‘m GSE Zngine
Sparc 2~-/Gu VEE L

. : GSE E ; to tux bors
A Jleos e " LA | - h
Gu.i, Gearrator A agine No. 2 {in:
fgniter Yo, 2--

500 vac to gas iy Turbopuimp fHes GSE
generator igniter No. 2--208 vu N
No. 2 squib {input} to turbc maap nea oo
No. 2 (input)

Spara \iput)

G Spare

thru

Turbine b GSE Exgine I
Igniter No. Z-- . L

J Shield Terminatiou~~ Eng.: J35E

500 vas to turbine
exhaust igniter
No. 2 squib {input)

Connects engine
shielding to GSE
shielding

Spare !
|

Figure 2-23. Electrical Interface Requirements (Sheet 14 of 14)
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Scetion Il

Paragra

-48.
Tap 1ocx
code iac:

e 2-47 to 2-

49

IENTATION TA? LOCATIONS
AN TIFICATION.

- LODE IDENTIFICATION SYSTEM.

S S
Thrusy Ciia

s R Jaw

..rs are shown in figure 2-24, The
ition system is as follows:

mher

4

Cexeharn e

el

righ-temper:

=, wydrauide co

LAEACEaT

aaring

soopeilant oY

‘mnm vmm

A-column eanital tetter designates the
: sensad .

<.th the tap as Jollows:

e sperating feature

iant fuel

bgane o
ature gas

nirol iiquid or helium

&, metal temperature

warzer

¢r-identifies the tap on

zolumn lower case letter signifies
one tap of the same measurement.

"":ww lumn number signifies that the tap
.5 duplicated on both the No. 1 and

Change No.

iues of the engine.

4 -~ 13 February 1968

YRR A T G
Liue Wil

r

secaleromete:
a.. J:he AR TR

major u,m. one
{oilows

connected with the tap us fodvw
Z, no fluid mediv.:

e third-column cawnital letter e 1
type of measuring instrument s 10ilu

5 IR
ahy Al

rometer

The fourth-column aumber ideniiiiws the tap on
ine component or in the system.

The fifth~columr ey identific
tivity of ihe accelerometer.

the wxis sensi-

Pages 2-39 through 2-46 deieted.



S Sectmnm
Paragraphs 3 38 to 3 39

‘f_é~é&"IH«HNEINFLUENCE:COEFFKHENTS

_a linear solution of a set of steady-state equa-
“tions which describe the operation of an engine.
‘Each influence coefficient is expressed in per-
centage form and represents the effect upon an
engine dependent variable of a plus-one-percent
change in an engine independent variable. Be-
cause the influence coefficients are linear, the
total effect of several influences acting simul-
taneously on an engine can be determined by
adding the individual effects of each influence."
A coefficient preceded by a positive (+) sign,
or no sign, indicates that an increase in the
independent variable results in an increase in
the dependent variable; a coefficient preceded
by a negative (-) sign indicates that an increase
in the independent variable results in a de-
crease in the dependent variable. Figure 3-39
contains sets of the current predicted engine
influence coefficients and, when calculations
are required, these sets may be used. Para-
graphs 3-39 through 3-43 describe the use of
the engine influence coefficients using the
formula

N Pe N o}

Pp - PFi Po"Poi
(F. ) + =i (F )
P P.. P P
> ¥ o)
LEN Oxn

when the quantities are defined as follows:
NOTE

The values in g, k, and o are from
the influence coefficient tables
{figure 3-39}.

a. ¥

B Engine thrust--actual value

"3 39  Engine 1nfluence coeff1c1ents result from e

Engme thrub.——mihal ot babe value e
Engme thrust——nommal Value |
d. Pa = Ambient pressure——actualr value

= Ambient pressure--initial or base

e. P
value i
f. Pa = Ambient pressure--nominal value
N
g. FP = Ambient pressure--influence co-

efficient a

gA. T = Fuel tefnperature—factual value

gB. TF = Fuel temperature--initial or base
value i

gC. TFN = Fuel temperature--nominal value

gh. F = Fuel temperature--influence co-

efficient " F

h. P_and ¢ = Fuel (F) and Oxidizer (O)
density--actual value

i. pF and Po = Fuel (F) and Oxidize:r (O)

. .

density-~initial or vase value

j. P
FN
density--nominal value

and Po = Fuel (F) and Oxidizer (O)
N

k. F and Fp

F O
density--influence coefficient value

= Fuel (F) and Oxidizer (O)

1. P_ and P, = Fuel (F) and Oxidizer (O)
pump 1rﬁet pressure--actual value

F and PO = Fuel (F) and Oxidizer (O)
i i

pump inlet pressure--initial or base value
n. P, and P = Fuel (F) and Oxidizer (O)
PN ON

pump inlet pressure--nominal value

m. P

0. FP and FP

F O
pump inlet pressure--influence coefficient value

= Fuel (F) and Oxidizer (O]

Change No. & - 4 November 1970 3-39



R-3896-1 section II
- ;
BEARING COOLANT ;
GOX RETURN DUCT HEAT EXCHANGER CONTROL VALVE ¢
TURBINE MANIFOLD OXIDIZER PUMP i

HELIUM RETURN SEAL CAVITY TUBE

DUCT

OXIDIZER
SUPPLY DUCT

HYPOTH
No. 2 FUEL INLET ELBOW

HELIUM SUPPLY

DUCT NO. 2 FUEL VOLUTE

5

I G N S T R N ST N I  $0  ED

: 4

| :
i
1

; i

NO. 2 TURBOPUMP FUEL
OUTLET LINE
NO. 2 TURBOPUMP
et OXIDIZER
i T OUTLET LINE
RN, Vi
N AN oL

HOS , :

HOS P

, L

t HH4 !
{
t
i
i
i

{ i

j .

i 8]

i 4

. P

|

; !

T '

i

! (@) HH2C 1

‘

i HH3c ]

| DETAIL £ ®© y

; 't

i F1-1-96A :

Figure 2-24. ' Instrumentation Tap Locations (Sheet 1 of 8)
Change No. 9 - 4 November 1970 2-47



Section II ' R-3896-1

UPPEZR CONNECTOR PANEL

FUEL VOLUTE

g

FUE. INLET TT—

i T G
| . .
.‘,(.v.>‘J S, - o

i \\\ ~-/ "“'K‘(}" i S i END
i CZaie Y010)— el 3\;:‘?._‘" \lrsaanrre! - - Balil~-VALVE-END
41 ;,O T~ _ LY _fi:z VE 2 W : GAS GEXERATOR
- cz£9-Y {)—— ek EY\\\-T\ %_ OXIDIZER FEED LINE

1 . N o ER

| : R (%A .8

: A\ R e

r s \_L“ﬁ

Ay
@) 6ot
_gj.:‘ma
- (3% G1a

~ (1) CF2a

HYPERGOL MANIFOLD

ALVE-END
ERATOR
L FEED LINL

T

’\\»/

F1-1-97B

Figure 2-24. Instrumentation Tap Locations (Sheet 2 of 8)
2-48 Change No. 10 - 16 July 1971



R-3896-1 Section I

; ' : OXIDIZER INLET

P B AT R

AR s A AT

NO. 1 FUEL INLET ELBOW
NO. 1 TUREOPUMP OXIDIZER OUTLET LINE

NO. 1 TURBOPUMP FUEL OUTLET LINE

INTERFACE PANEL
SUPPORT BRACKET

T T T T s I I

@)mzA3-x
view P-P view Q-Q

(SHEET 2) (SHEET 2) INTERFACE PANEL

T R e T e

F incr At e s ERAGS

N’ F1-1-111

Figure 2-24. Instrumentation Tap Locations (Sheet 3 of 8)
Change No, 9 ~ 4 November 1970 2-49



Section i

R-3896-1

NHo @—\

GROUND SUPPLY LINE

i ENGINE
;]  CONTROL VALVE
i &) pos. ©
! %O, s OX:DIZER LINE
—
i Ni Sailor Y
| NH5b({2) \/:\
HYDRAULIC )\
B RETURN MANIFOLD ‘ h

RN

view H-H

i NH5c (SHEET 1)
‘ 5 ~ "
: 0| secrion LB
: @ (SHEET 1)
NO. 2 FUEL HOla

—(@)Ho1L

OXIDIZER
/ 3UPPLY
DUCT
o

@) MZAL-Y

INLET ELBOW
KFrod-2(2 \
HOlc

K¥é6c-2 ;
KF6a-2 N§
KF6b-2 S\

secrion F-F
(SHEET 1)

& . )
o ) section C-C Hosb
B ‘ ViE v A‘A (SHEET 1)
; ] (SHEET 1)
;i 1 HO4a
’ % HH3b
' HH3a (3 y

NS JEmanan e S

GOX RETURN
DUCT

{t5) HO4C

HELIUM
RETURN
DUCT

§ V=34 HH3c

1 ) /@ POTo 5 HELIUM SUPPLY
i e HH2c (%) N DUCT

| | : @ Hr2a

[ OXIDIZER

{ PUMP SEAL
CAVITY TUBE

N secTioN G-
view B-.3 G-G

f (SHEET 1)
. (SHEET 1)

il F1-1-4A

Figure 2-24. Instrumentation Tap Locations (Sheet 4 of 8)
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R-3896-1- Section II
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Figure 2-24. Instrumentation Tap Locations (Sheet 5 of 8)

Change No. 12 - 12 May 1972
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i

(&' Zngines not incorporating MD176 change

(a) " .gines not incorporating MD96 or MD97 change
rines not incorporating MD140 change
gines not incorporating MDI77 change
:gines not incorporating MD146 change
#ngines not incorporating MDI41 change

Section I
Item Tap i Item Tap
Yo. Mo, Description Type I No. No. Descripdon Tyoe
53} PF2a-1 Fuel pump dis-  Flange 38 CGla  Combustion RP2680-1001
. charge No. 1 ' chamber
6(¢) PFan-1  Fuel pump dis-  AND10050-4 39(¢) CcGib  Combustion RP260-1001
charge No. 1 chamber
7  PF2a-2 Fuel pump dis-  Flange 40(¢)  CcGlec  Combustion RP260-1001
charze No. 2 I ) chamber
8 DF2b-2 Fuel pump dis-  AND10050-4 | 41(8) cGld  Combustion RP260-1001
charge No. 2 , ‘ chamber
9  PF3a-1 No. 1fuelvalve RP260-1001 | 46 GF1 48 generaior RP260-1001
iniet fuel valve inlet
11 PF3a-2 No. 2 fuel valve  ANDI10050-4 50 TG4a Turbine inlct Flange
inigt : (manifold)
13, iita Sl manisio RP260-1001 51 TG4b  Turbine inlet RP260-1001
LA CFin RP260-1001 (manifold
.5 / ‘p‘?( RP260-1001 5% TGba, Turbine sutlet RP260-1001
i6 Fad Flange 33 TGOb  Turbine ouilet RP260-1001
17 ,1'1?63-1 . Flange 600} GGla Gasy P200-1001
i chami .
i8 WEFGb-1 o RP260-1001 61 GGlb  Gas geaeraio: ANDI0050~4
e .1 chamber
le CF2a Fuel injection RrRP260-1001 62 GGle Gas generaio: RP260-1001
20 CF2b Fuel injection RP260-1001 chamber
2 CF2c Fuel injection RP260-1001 65 GG2a  Turbire in.ei REZ200-1001
2z CF2d Fuel injection Flange 64®)  GGab  Turbine inlet RP260-1001
33&) KF6a-2 YFuel pump inlet  Flange 65 PF9 Fuel seal cavity  MSH3656-5
. No. 2 66 PF10 Fuel impeller MS336566-5
24\%) KF6b-2 Fuel pump inlet  RP260-1001 - back casing
No. 2 77(b) NH4 Engine condui RP260-1001
25 PO2a-1 Oxidizer pump Flange . system refurn
discharge No. 1 go®)  Npuv Ignition monitor  ANDI0050-4
26 202b-1  Oxdaizer pump AND10050-4 valve outlet
digcharge No. 1 81 1F2 Fuel igniter AND10050-4
27 2Gza~-2  Oxidizer pump Flange valve inlet
discharge No. 2 82 IF3 Hypergol con~ RP260-1001
28(e) PO2b-2 Oxidizer pump AND10050-4 tainer inlet
discharge No. 2 g5() HH3a Heat exchanger Flange
pAY £08-1 No. 1 oxidizer RP260-1001 helium outlet
valve inlet 86@) HHSL  Heat exchanger Flange
30 203-2 No. 2 oxidizer RP260-1001 helium outlet
valve inlet ' §7 HH3c Heat exchanger RP260-1001
3i ek Cxddizer injection ANDI10050-4 helium outlet
32(0) ~03b Oxidizer injection AND10050-~4 88 HH4 Heat exchanger RP2606-1001
33 03¢ Oxidizer injection ANDI10050-4 helium outlet
35 201b-1 Oxidizer dome RP260-1001 gg(@) HOla  Heat exchanger Flange
inlet No. 1 oxidizer inlet ,
37  COib-2 Oxidizer dome  RP260-1001 | 90(&) HO1b  Heat exchanger  Flange
inlet No. 2 oxidizer inlet

2-52

Figure 2-24.

Change No. T - 18 August 1969

Instrumentation Tap Locations. (Sheet 6 of 8)
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R-3896-1

Scetion I

Item Tap Item Tap
No. No. Description Type No. No. Description Type
91 HOlc Heat exchanger RP260-1001 124®) KF6c-2  Fuel pump inlet  Flange
oxidizer inlet ‘ No. 2
92  HO2 = Heat exchanger RP260-1001 125 KF6d-2 Fuel pump inlet RP260-1001
oxidizer inlet No. 2
93 HO3 Heat exchanger RP260-1001 126(d) KF7a-2  Fuel pump inlet 111P260-1001
GOX outlet No. 2
54(a) HO4a Heat exchanger Flange 127 GG1d Gas generator Filange
) oot GOX oatlet chambar
g5(a) HO4b Heat exchanger Flange 128 GF2a Gas genesaies WP200-1001
GOX outlet fuei inicoaion
9c HO4c Heat exchanger RP260-1001 129 GF2b Gas geaorator 1P260-1001
GOX outlet fuel injecuion
01 LS1 Bearing No, 1 MS33682-5 130 GO2a Gas gererator RP280-1001
102 LS2 Bearing No. 2 MS33682-2 oxidizer injcul
.03 LS3 Turbine bearing  MS33682-3 131®) Goan Cas genorator  4P280-1001
- 4Plco2e Oxidizer manifold AND10050-4 oxidizer injection
Loz CG3h Oxidizer injection AND10050-4 131A GO5 Gas generator  RP260-1001
,1'1(‘)(’”)(3031{ Oxidizer injection AND106050-4 oxidizer lniet
167(b)CO3m  Oxidizer injection AND10050-4 | 132 GOla Gas geaerutor  EP250-1001
108 CGle Combustion Flange valve inlct
chamber 133 GO1b Gas generator ~ RP230-1001
09(@)HH2a Heat exchanger Flange valve inlet
helium inlet 134 NHO Ground hy~ RP260-1001
111 TGbe Turbine outlet Flange _ - draulic supply
112(d)PF2¢-1  Fuel pump dis- RP260-1001 135(®) HOS Heat exchanger RP260-1001
charge No. 1 GOX outlet
113 PF2d-1 Fuel pump dis- RP260-1001 136 HH2c¢ Heat exchanger 1@P£260-1001
charge No. 1 “helium inlet
il4 PF2c¢-2 Fuel pump dis-  RP260-1001 137  LBla Oxidizer pump  Flange
, charge No. 2 B © bearing jet ’
116(@NH2a Engine control Flange 138 LB1b Oxidizer punip  RP260-1001
closing ‘ bearing jet
137(e)NH2D Engine control RP260-1001 139(d pO2c-1  Oxidizer pump  RP2606-1001
closing discharge No. 1
118(a)NH3a Engine control Flange 140  PO2d-1 Oxidizer pump  RP260-1001
opening diSChal‘ge No. 1
119(e)NH3b Engine control RP260-1001 141  PO2c-2 Oxidizer pump  RP260-1001
opening : discharge No, 2
120(C)NH5a Common hy- RP260-1001 142@) POTa Oxidizer pump  Flange
draulic return seal cavity
121 NH5b Common hy- RP260-1001 143 POTb Oxidizer pump  RP260-1001
: draulic return : seal cavity
122 NH5c Common hy- Flange 144 NHla Control system AND10050-4
draulic return supply
123 KFT7a-1 Fuel pump inlet RP260-1001 145  NHIb Control system AND10050-4
No. 1 supply
146 NHS Control system AND10050-4
override

(a) Engines not incorporating MD96 or MDS7 change
{b) Engines not incorporating MD140 change

4

{¢) Engines not incorporating MD177 change

{d) Engines not incorporating MD146 change
(e) Engines not incorporating MD141 change

Figure 2-24. Instrumentation Tap Locations (Sheet 7 of 8)

Change No. 12 - 12 May 1972
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Section 11 R~3896-1

Paragraphs 2-50 to 2-53

Accelerometer Direction-of _ Accelerometer  Direciionof o
Trem Tap Measurement Sensitivity Item Tap Measurement Sens:nvity / \;
No. N, Description (Axis) No. No. Description VRt K
201 CaAl-Y  Oxidizer dome 216 PZA6-Z Elbow to inlet

» pesidon 1

202 CZA2-Y  Oxidizer dome
position 2

203 CZA3-Y Ovidizer dome
pasition 3

204 CzA4-Y Oxidizar dome

SURenl @

205 CZAB-Y G dizer dome
powation 5

206 (CuzAb-Y Cadizer dome
woesidon 6

207 Czanl-X Jriddizer dome
position 7

208 . 4A8-Y Oxidi :r dome
pesiiion 8

208 LAY Cxi . zer dome
posiaon 8

210 . ZAI0-Y COx:dizer dome
posiiion 10

211 PZA1-Y  Oddizer pump
irlet flange

212 PuA2-Y E:cow tc inlet
fiange fuel
purnp No. 1

218 .rLA3-Z Elbow <o inlet Z
flange “uel
puap No. i

214 rZA4-X Elhow to inlet X
fiange fuel
pump No. 1 _

215 PZAS-Y Elbow to inlet Y
flange fuel
pamp No. 2 - -

S S S T T R

flange fuel
"+ pump No, 2
217 PZAT-X Elbow o inlet X
flange fuel
pump No, 2

218 PZASB-Y  Boss of fuet Y
pump dlusing

215 PZAS-Z  Boss of fues yA
pump housing

220 PZA10-Y Boss of fuel X
pump housing

221 MZzA1-X Interface pane! Y

support No. 1
side

222 MZA2-Z Inteviace panel Z
sunoert Noo 1
side

223 MZA3-X Interface panel X
support No. 1
gide

225 MZA5-Z Interface panel Z
support No. 2
side

&

Figure 2-24. Instrumentation Tap Locations (Sheet 8 of 8)

2-50, COINT AND SZAL DATA.
Z-5i. SEAL DESCRIPTION.

Z-52. REight types cf seals are used in the en-
gine sysiems. Typical use of the more uncom-
mon secls are shown in figure 2-25, The fol-
lowir.y raragraphs descrike the various types
of sea:zr and their applications.

4-55. NAFLEX SEALS. The Naflex seal (see
i.gure 2-25) is a pressure-actuated, U-shaped
1 with the slot opening radially inward. The
legs o the U act as springs fo preload the seal
iog uyp af the flange. The leg tip is covered
with o thin teflon film for cryogenic applica-
tions cr a soft copper or silver plating for

oo
LRSS

2-54 Change No. 9 - 4 November 1970

high-temperature applications. The film or
plating deforms plastically at ambient tempera-
tures to conform to flange suiface irregularides.
Loading of the seal tips by the spring legs effects
a seul at low pressures and alsc compensates
for flange separation due to increased pressure
and differences in material ¢ :rinkage causea by
temperature changes. On double Naflex sea.s.
the heel of the seal is also teflon-fiim-coated

or copper- or silver-plated. The cavities on
either side of the heel, formed by the two secais,

are connected by small diameter holes. The P
cavities are then ducted through the flange areca {

to provide leakage monitoring capability for the \\/
seal.



¢
. ¢
SEAL MONTTORING PORT men N : .

NAFLEIK
SINGLE SEAL

ENEE NN
| |
f %x\ Nk Z{

3

|
GASK-O-SEAL SINGLE SEAL

e < e

BEFORE FASTENING i

AFTER FASTENING

GASK -O-SEAL DOUBLE SEAL
104001-C-1

Figure 2-25.

4. GASK-C-SEALS. The gask-o-seal (see
figure 2-25) is a metal plate with a rubber seal
molded into 2 groove in the plate. Sealing is
accomplished by initial compression of the rub-
ber between mating flanges and extrusion of the
rubber by the pressurized fluid. The double
gask-o-seal consists of a metal plate with rub-
ber seals molded into two grooves in the plate.
The cavities on either side of the plate, formed
by the two rubber seals, are connected by small
diameter holes. The cavities are then ducted
through the flange area to provide leakage moni-
toring capabiiity of the seal.

2-55., K-SEALS. The K-seal (see figure 2-25)
is & metal seal coated with teflon for cryogenic
appiications and silver or gold plating for high-
temperature applications. This seal is used
only on small threaded joints where flange sep-
aration will not take place since the leg move-
ment of the K-seal is limited.

2-56. O-RING SEALS. The O-ring seal is an
elastomeric rubber seal used for static and

Seal Application (Typical)

dynamic joints in fuel and bhe<draviic applica-
tions. The seal material is Puans N oxcept
where the seal will be exposcc t¢ irichloro-
ethylene; then the material is Viton A. Sealing

. 1s effected by compressing the scal betweon
‘mating parts on installaticn; the pregsurized

fluid also extrudes the seal against the mating
parts.

2-57, ASBESTCS SEALS. Two typas of asbes-
tos seals are used for hot-gas applications at
the nozzle extension joini. The thermocore
seal, consisting of two wrappings o1 1/8-Inch
asbestos rope, is installed in the ncuzle exten-
sion flange and depends on a high uniform flange
preload to provide a good seal. On engines in-
corporating MD135 change, an asbestos gasket
(tadpole) seal replaces the thermocore seal be-
cause of its greater resiliency. This seal con-
sists of two wire-mesh rings covered with as~
bestos cloth. During nozzle extension installa-
tion, the large ring is compressed in the flange
groove, and the small ring between the mating
flanges. -

Change No. 7 - 18 August 1969 2-55



The copper
melal-type washer. Joints

sl sealis a Coi"‘-
ng this type of seal have muchined sharp
circumierential ridges 1o obtain increased unit
loading of the seal. Senling is achieved by pre-
loading the seal between two {langes. This type
of seal ig used for high-temperature applica-
tions.

sists i L2
welded to g lube end, & c(;vl,hxw nut on the tube,
and a mating male connector. The coupling nut
i 'Liv ".x c_\.tem'"'f shoulder on the flared
Lieved between the nose of
nd the machined [lare as
tightened on the male con-

the connector nut ig
necitor.
2-60. SPIRAL-WCOUND CASKETS AND METAL
O-Ranb The spirei-wound (spirotailic) gasket
consists of a spiraily wound steel ribbon, of
35 ’ .1 shape, with copper or

;. The seal is used in
dome-~to-injector
¢ ig used in the

9~51. SOINT AND SEAL IDENTIFICATION.

¢ locatios

s 2-28 and ;

sval and i
© when order

:" and each i/ i;‘-; assigned a coae nuini~

chdin identifieniion and eross-referencae
,(’:h seneneiso and its legend, The

nation ideni fues the type of fluid used

ic joint, locaiion of the joint, and if

: le leakage can be monitored. Fluia

s .ations are as follows: O, oxidizer;

#F, hydeaulic fuel; HG, hot gas; H,

- and N, nitvogen. For joint location, D

55 drain joints. Leakage monitoring

¢ indicated by an M. The seal type and

mateis 2l codes used in the legends are as fol-

LOW

stemn joints are shown
. {Refer to R-3896-3
i E.af’;ion torque values and

et

A~

“=56 Change No. 7 - 18 August 1969

s.} The schemat.cs

Type

Crush seal
Flared fitting
Gask-o-seal
K-scal
Naflex seal
C-ring s 111
Spirotat
'“hmuao ore seal
Tadpole seal

O
»
€]
o
fobl
j)

Aluminum

Asbesios

Asbestos - rubber

Asbestos - inconel

Buna N

Copner

Zopper-plated nickel bese
Silver-plated nickel base
Stainless steel
Cooper-plated stainless steel
Gold-plated stainless steel
Silver-plated stainless steel
Teflon-fill stainless steel
Teflon-coated steel

Viton A

W 11

L]

NA
o
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four receptacle pins.

R-3896-1

When an electrical
stimulus of 500 vac is impressed on the ig-
niter circuit (BD), the dicde is triggered
allewiag 4 nominal 4. 5 amperes of current to
flow and ignite the squib. The flame and hot
particles from the squib ignite the main
pyrotechnic charge. The burning of the main
charge severs the link wire imbedded in the
charge within 200-800 milliseconds and con-

tinues burning o~ 5.3 10 9.5 seconds. Severing
ol lgnlter ¢ wase provides a positive o
siovm o the envine clectrical control system

thao che igniter s functioned satisfactorily.
When 250 vace or iess is impressed on the

- squib ecircuit, the diode prevents current flow

and the igniter will not fire.

GAs GENERATING SYSTEM DESCRIP-

1-61.

LR Ta kY
2 AN AN

i The gas generating system provides the
wni- rnal power required to operate the engine.

the gas generating system develops sufficient
power to start the engine and changes to its
rated power level of operation by using a
oortion of its own output (bootstrapping). The
intzrnal power i¢ generated by tapping propel-
L.oius from the high-pressure ducts and directing
them to the gas generator where hot gas is
nroduced to power the turbopump. After im-
pacting the two-stage turbine, the gas is

furvuer utilized by a heat exchanger where
aqditional heat is extracted to condition the

‘ases used for vehicle tank pressurization.

e now relatively cool gas generator exhaust
yas is directed into the lower section of the
thrust chamber to provide film cooling of the
double-wall portion of the nozzle. Orifices in
the propeilant ducts to the gas generator control
the power level of the system to provide a
constant mass flowrate to the thrust chamber,
thereby insuring a constant thrust output. Gas
generator leading particulars are listed in
figure 1-27, v

1-63. GAS GENERATOR DESCRIPTION,

1-84. The gas generator (figure 1-28) is
within a basic envelope 18 by 24 by 28 inches
and weighs approximately 220 pounds. The gas

Section 1
Paragraphs 1-61 to 1-64

generator consists of a dual ball valve. an
injector fuel iniet housing tee, an intepral
oxidizer dome and injector, and a combustior.
Six types of seals are used in the gas
generator: silver-plated stainless-steel

Naflex and K-seals and copper crush washers
for hot-gas applications, Teflon-coated steel
K-seals for cryogenic applications, and Buna-N
O-rings for fuel applications.

1,453° F
980 psia
49 Ib/sec
118 1b/sec
0.416:1.0

Combustor Lemperaiure
Injector end pressure
Oxidizer flowrate

Fuel flowrate

Mixture ratio

Combustor pressure 33.5 psia
drop

Injector pressure drop 250 psia
(oxidizer)

Injector pressure drop 145 psia
(fuel)

Gas generator ball 55 psia
valve pressure drop
(oxidizer)

Gas generator ball 200 psia
valve pressure drop
(fuel)

Orifice pressure drop 261 psia
(oxidizer)

Orifice pressure drop 375 psia
“(fuel)

Line pressure drop 76 psia
(oxidizer)

Line pressure drop 43 psia
(fuel)

Gas generator ball 170 msec
valve open time (switch
to switch)

Gas generator ball 90 msec
valve closed (switch to
switch)

Figure 1-27, Gas Generator Leading a
Particulars (Engines Incorporating 2
MD128 or MD174 Change)

Change No. 10 - 16 July 1971 1-25



Paragraphs 1-65 to 1-66

GAS GENERATOR
BALL VALVE

Py ey

T T R R R

T

e S

s
e

&

AT

e

ERER TS, S ey ok A

COMBUSTOR

F1-1-60A-

Figure 1-28. Gas Generator

1-26  Change No. 8 - 19 February 1970

‘ Section I R-3896-1

1-65. GAS GENERATOR BALL VALVE DE-
SCRIPTION. The gas generator ball valve
(figure 1-29) is a hydraulically operated valve
incorporating two hollow balls connected to a

. single actuator for directing propellants into

the gas generator injector. The balls are
shells on shafts, each shell having an inlet and
outlet flow passage. The inlet and outlet flow
passages are located diametrically opposite
gach other in the oxidizer ball and 150 degrees
apart in the fuel ball. A tabe is welded between
the inlet and outlet passages in the fuel ball to
reduce flow resistance. Both balls seat against
bellows-type seals. The fuel bellows seal in-
corporates a deflection elbow for the fuel out-
let that is contoured to reduce pressure drop

in the gas generuioy fuci sysiem. Both ball
shafts rotate oa roiler Lo irings, and each ball
aiso rotates against (i woluaator housing on
roller bearings and race:.

1-66. The gas generator baii valve contains a
linear-motion position switch and an integral
electrical connector, mounted :n the valve
cover. The houging cover contairs tapped holes
for installation oi Stage (ci.lractor thermo-
couples. The cover ig used fc s2al the switeh
compartment. The uwall valve oxidizer outlet
attaches directly to the gas generator iniector
oxidizer inlet. The gas geaerator fuel inlet
housing tee connects the ball valr:: nutlet to the
injector fuel inlet. The gus generator bali
valve opening is directed by sequence valves on
the oxidizer valves. Hydraulle fluid re-
circulates through & warmant passage in the
fuel ball housing, preventiag the fuel in tie fuel
ball housing from ireezing, and through =
passage in the piston between the opening port
and the closing port, preventing air entrapment
and hydraulic fluid freezing. Four types of
seals are used in the gas generator ball valve:
machined KEL~F seais, KEL~-F lip seals,
Buna-N O-rings, and a Teflon-coated sieel
Naflex seal.

-
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Paragraphs 1-67 to 1-68

-67. GAS CENERATOR INJECTOR DE-
ZCRIPTION.  The gas generator injector (figure
1-30) is a 1‘: t-f{aced, multi-orificed-type injec-
tor incorvorating a dome, a plate, a ring mani-
fold, five oxidizer rings, five fuel rings, and a
fuel disk. The injector is mounted on the com-
bustor, and the gas gencrator hall valve and the
gas gencrator fuel inlet housing tee are mounted
on the injector. The injector directs fuel and
oxidizer info the gne genciator combustor.
s injector sarough the gas genera-
tor fuel ivuet housing tec rom the gas generator
ball vaove.  The {ael 18 directed *hrough radial
the plate and i J\L.Ld into the
iy i]lrmug},‘h orifices i five fuel rings
. Oxidiz s the injector
xidizer inlec mavifold from the gas
:z_xl valve. ".:"'zz-:: zer is directed
Sidizer manifol 1 internal
! in the plate and is i ¢ into the
combusior avowg! ces in the five oxi-
dizer rings. The injector uses a double-
orificed pattern in which the fuel and oxidizer
rings are drilled in a patiern and angile so that
the stream from one oxidizer orifice will im-
pinge upon the streanm frow another oxidizer
orifice, and the stream irom 2 fucl orifice will
anpinge upon the stream from another fuel
ces in the ouier fuel ving also
film of fuel for the combustor

47

and Lhe

throu

genes
from

srifice.  Orild
provide o co
chioke I‘lj‘z Wi li.

1-68. CAS GENBERATCR COMBUSTOR DE-
SCRIPTICN. 'The gas geacraor combustor
{figure 1~ 3L) FE ) wc\lcca siagle-walled mani-
fold connectiry the gas ge: 1ior injector and
the turb The f,u.ﬁ,bastor contains a
chamber for hurning proveilants and for ex-
hausting Lo gases irom the burning propellants
into the wrbo Mmrn turbine manifoid. The com-
bus! sermally insulated by a sheet metal

shell 1 vflLb around the combustor body. The

inlet [v o is the aftech point for the injector

- azsembly end incorporates a 45-
s mection that deflecis the flame pattern
can section ¢f the combustor. Also
:q in the iniat .ge are the two
45 degrees apart; for pyrotechnic ig-
whoistion and two poris {150 degrees

Change No. 8 - 18 February 1970
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1-69. GAS GENERATOR OXIDIZER DUCT
DESCRIPTION. The gas generator oxidizer
duct contains and distributes the oxidizer from
the No. 2 turbopump oxidizer outlet duct to the
gas generator ball valve oxidizer inlet. The
gas generator oxidizer duct is a two-piece,
1-1/2 inch ID duct incorporating three bellows-
connected gimbal joints to allow flexing to ac-
ccmmodate installation tolerances and thermal
sweansion or contraction of the duet. The gas
+ nerator oxidizer duct incorporates two ori-
.. &5 for oxidizer flowrate calibration. One
Jf1ce is installed at the interface of the gas
- waerator oxidizer duct and the No. 2 turbo-
pump oxidizer vutlet duct,and the other orifice
is installed at he interface of the two gas gen-
erztor oxidizer duct sections. Both orifices
are sized at engine accepiance test. A fluid
2enop, which extends into the fluid stream of
No. Z turrov.mp ox.dizer outlet duct, is
.h&stalled at the icerface of the gas generator
oxidizer duct and the No. 2 turbopump oxidizer
gutlet duct.

=i, GAS GENERATOR FUEL DUCT DE-~
SORIPTION. The gas generator fuel duct con-
tzins and distributes the fuel from the No. 2
turbopump fuel outlet duct to the gas generator
pali valve fuel inlet. The gas generator fuel
duct is a one-piece. 2-1/4 inch ID duct incorpo-
rating three bellows-connected gimbal joints to.
ziiovw flexing to accommodate installation toler-
=ices, thermal expansion, and contraction of
the duci. The gas generator fuel duct incorpo-
ates an orifice for fuel flowrate calibration.
Tne orifice is installed at the interface of the
zas generator fuel duct and the No. 2 turbo-
The orifice is sized
“uring the engine acceptance test. A flow de-
fio~tor is instailed at the interface of the gas
generator fuel duct and the gas generator ball
valve fuel inlet.

)

1-71. HEAT EXCHANGER DESCRIPTION.

The heat exchanger (figure 1-31) is within
. wasic envelope 43 inches in diameter and 58
irches in length, with the diameter varying from
40 inches at the turbine outlet to 24 inches at the
turbine exhaust manifold. Hot gases from the
turbine aredirected to the heat exchanger where

Section I
Paragraphs 1-69 to 1-72

a portion of the heat is transferred to the oxi-
dizer and helium coils. 1In the heat transfer,
oxidizer in the coils is converted to GOX for
vehicle oxidizer tank pressurization, and the
chilled helium in the coils is expanded for
vehicle fuel tank pressurization. The upper
section of the heat exchanger encloses the
helium coils and mounting flanges for ihe helium
and oxidizer supply and retuen lines. Rach
mounting flange ig nrovidod wilth ports to meas~
ure seal leakave. The supply ports incorporate
orifices to controlihe flow of oxidizer or helium
through the coils. The lower section of the heat
exchanger encleoses the oxidizer coils and con-
tains a bellows assembly to compensate for
thermal expansion during engine operation.
Tabular stivcaural members, ciamped to the
coils and welded to brackets incorporated in the
heat exchanger vody, secure :ind restrain the
oxidizer coils. Heat exchanger connections at
the turbine outlet manifold and the thrust cham-
ber exhaust manifold are sealed by pressure-
actuated Naflex seals.

/——HELIUM OUTLET
. | piRECTION OF
HELIU ! TURBINE EXHAUST

COILS

MONITORING
PORTS

OXIDIZER INLET

-—-SEAL MONITORING PORT

HELIUl\fX
INLET (4 PLACES)

COILS

F1-1-63

Figure 1-31. Heat Exchanger
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- 1-73.
" TION.

ENGINE CONTROL SYSTEM DESCRIP-

1-74. The engine control system regulates the
total engine operation. To provide this regula-
tion, the engine control system directs, governs,
and sequences the activity of engine propellant
valves during the start, transition, mainstage,
and cuteff phases of engine operation. Major
componeits of the engine control system are
the engi:2 control vaive, redundant shutdown
valve, checkout valve, and hypergol manifold
assembly. Orifices in the engine control sys-
tem control propellant valves timing.

1-75. ENGINE CONTROL VALVE DESCRIP-
TION,
1-76. "'he engine conirol valve (figure 1-32)

directs hydraulic flu.d fc apen zrd close the

fl propellanc valves and the gas zenerator ball
valve. The valve is #lectrically controlled and
nydraulically actuated, with an internal hydrau-
lic lcckup that maintzins actuation when the start
signal is removed. The valve includes an over-
ride piston to deactuate the valve in case of stop

_ solenoid failure. The assembly consists of a
“control section and a filter manifold section.

1-77. The control section consists of two
solenowi-operated pilot (start and stop) valves,
two slaved poppet valves, a matched selector
spooi 2ud sleeve, a stop actuator, an override
pistei, and a valve body. The solenoid-operated
pilot vaives are identical except the start sole-
noid electrical connector has two pins and the
stop solenoid has three pins to prevent improper
connection. To ensure that the engine cannot be
started with the stop soienoid disconnected, the
negative iead of the start sclenoid is wired in
series with the negative lead of the stop sole-
noid. Each solenoid valve consists of a coil, a
douuile-aciing poppet (the armature), and two
poppet seats (upstream and downstream). The

i-30 Change No. 9 - 4 November 1970
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coil is energized by 24-30 vdc. The poppet is
spring loaded against the downstream seat.
Each solenoid valve is protected by a 10-mnicron
filter at its inlet passage. A passage in the
control valve body directs fluid to a passage
that directs fluid to the poppet cavity. Two
passages permit fluid flow from the cavity to
the slaved pilot valve cylinder when the poppet
is deenergized. The downstream seat forms
the base of the valve assembly and contains a
passage that is closed by the deenergized poppet
and opened when tha poppet is energized.

TN
1\

1-78. Two slaved pilet valves, each slaved to
its respective solenoid nilot valve, direct fluid
to shuattle the selector spool. Each slaved pilot
valve consists of a popget, two identical poppet
seats, a piston, a cylinder, and a spring. The
poppet is a pressure-actuated disc that freec-
floates i-ecween he (wo poppet seats. Both faces
of the poppet cre finished to provide a metal-to~
metal seal with the poppet seats. The poppat
seats, separated by = spicer, are installed
face-to-face on both si of the poppet. At
start, momentary off-seacing of the poppet from
the normal position allows hydraulic pressure
to shuttle the selector spool tc open. The cyl-
inder houses the piston and spriug and is ported
to admit hydraulic pressure tc the spring cavity
when the solenoid pilot valve is deenergized.
When thie start solencid is energized, the piston
is momentarily actuated through the force trans-
mitted to the piston shaft by the poppet.

SN

1-79. The selector viive 18 a matched spool
and sleeve. The spool, floating inside the
sleeve, is a hollow, closed-end cylinder with
three ports and two sealing lands. The spool is
actuated from its normal sprirg-loaded position
(closed) by fluid pressure by the momentary
actuation of the slaved pilot valve at start. Once
actuated, the spool is hydraulically locked by
fluid pressure from the open port. The sleeve
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has three ports that aline with three annular
passages in the selector valve cavity. Four
O-rings with Teflon backup rings prevent leak-
age between the annular passages. A threaded
retaining cap holds the selector valve in its
cavity and provides a mechanical stop for the

spool.

1-80. The stop actuator is a spring-loaded,

hydraulically actuated piston that positions the
selector spool to the closed position.” The
actaator is normally controlled by the stop
slaved pilot valve but can be directly actuated
by the override piston in case of stop valve
failure. Four holes admit control fluid into
the spring cavity from an annular passage sup-
plied from the stop slaved pilot valve. The
override piston is hydraulically actuated and
mechanically coupled to the stop actuator.

The piston is used to position the selector
spool in case of stop valve failure. An external
pressure sourcce is required to actuate the
piston, which mechanically positions the selec~
tor spool to the closed position. The piston

is held deactuated against a stop by a coil
spring. The stop retains the override piston
w1 its cavity and incorporates the override
pressure inlet port. The control valve body
nouses the operational units and bolts to the
fiiter manifold assembly. The interface of
valve body and filter assembly is sealed by a
sezi plate.

i-51. The filter manifold is the supply filtra-
tion and distribution point for all control sys-
tem fiuid. The filter manifold consists of two
swing-gate check valves, three filters, and a
rmanifold body. The check valves are flange
mounted back-to-back in a common supply
cavity. One check valve covers the GSE SUP-
PLY fluid inlet port, and the other check valve
covers the ENG SUPPLY fluid inlet port. Three
25-micron wire-mesh filters are installed in
the manifold assembly. Onme filter is in the
supply system and one each in the opening and
closing passages. The manifold body houses
the filters and is bolted to the control valve
body. Two threaded ports in the ENGINE/GSE
filter supply cavity provide pressure for in-
strumentation and for the emergency override
system. Passages connect the closed, open,
and supply filter cavities to corresponding
ports of the control section. Three types of

Section I
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seals are used in the engine conirol valve:
Viton-A O-rings for plug and bleeder seals, a
Viton-A Gask-0-8eal at the manifold-to-
solenoid-valves joint, and Buna-N O-rings for
all other applications.

1-82. REDUNDANT SHUTDOWN VALVE
DESCRIPTION.

1-83. The redundant shutdown valve (figure
1-33) is a solenoid-cperated. normally closed,
three-way valve incorporating two 10-micron
filters (one disk shaped, the other cylindrical),
fixed inlet and vent seats, and a floating poppet
that is spring loaded to the closed position
against the inlet seat. The function of the valve
is to direct hydraulic pressure to the engine
control valve override pressure port as a re-
dundant means of effecting engine shutdown in
case of failurc of the engine control valve stop
solenoid, and te srovide a drain for the over-
ride pressure port during engine checkout and
operation. Continuous application of 24-30 vdc
is required to keep the valve energized. The
energizing signal input is applied simultaneously
to the redundant shutdown valve solenoid and
the engine control valve stop solenoid at engine
cutoff. The redundant shutdown valve body
provides an internal threaded DRAIN port and
flanged IN and OUT ports. The solenoid elec-
trical connector is a four-pin connector with
only three of the pins used. Pin A is used for
the positive energizing signal input, pin B for
the negative return signal, and pin C for moni-
toring the signal received at the solenoid. Pins
A and D are bussed internally within the con-
nector. The seals used in the redundant shut-
down valve are Buna-N O-rings.

1-84. CHECKOUT VALVE DESCRIPTION.

1-85. The checkout valve (figure 1-34)is with-
in a basic envelope 8 by 9 by 14 iuches and is
located just below the engine control valve on
the No. 2 side of the engine thrusi chamber
jacket. The checkout valve is a motor-driven
selector valve that directs engine control re-
turn fluid back to the GSE or engine supply
source. The checkoutvalve consists ofa ball, a
three-port housing, and an actuator. The actua-
tor is a 24-30 vdc reversible motor that incor- §
porates reduction gearing, position switches,
and limit switches. The actuator controls the

Change No. 9 - 4 November 1970 1-33
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position of the ball to direct conirol fluid irom
the inlet port to one of the outlet ports. During
engine checkout or servicing, the checkout
valve ball is positioned so that {fuel entering
the inlet port is directed through the ball and
out the GSE return outlet No. 2 port. For
engine static firing or flight, the ball is posi-
tioned so that fuel entering the inlet port is
directed through the ball and out the engine
return outlet No. 1 port. Three types of seals
are used in the checkout valve: Viton-A O-rings
for dynamic applications, Buna-N O-rings for
static applications. and machined Teflon seals
for the ball seals.

i-86. HYPERGOL MANIFOLD ASSEMBLY
DESCRIPTION,

1-57. The hypergol manifold assembly (figure
1-35; sequences engine operation from ignition
stage into maianstage. The assembly is attached
to a bracket located on the thrust chamber fuel
manifold and consists of a hypergol cartridge
container, an ignition monitor valve, an igniter
fuel valve, and a hypergol installed switch.
Only the hypergol cartridge container and
hypergol installed switch are replaceable com-
poients of the assembly. The hypergol con-
tainer is a cylindrical manifold into which the
hypergol cartridge is installed. The hypergol
alled switch is a cam-actuated switch that
cates the iastalled position of the hypergol
cas tradge. Hypergol manifold assembly leading
pusticulars are listed in figure 1-36.

IGNITION MONITOR VALVE DESCRIP-
TION. The ignition monitor valve (figure 1-37)
iy ects the opening of the fuel valves and per-
c& the fuel valves to open only after satis-
faccory ignition has been achieved in the thrust
zhamber. The ignition monitor valve is a
soring~loaded, pressure-actuated, fail-to-the-
run, three-way valve mounted on the hypergol
manifold and actuated by ignition combustion
pressure. A dual-faced, spring-loaded poppet
directs valve opening pressure to the fuel valves
when ignition combustion pressure, acting on
a laminated Mylar diaphragm, shuttles the
poppet to the valve's open position. Once
shuttled, the valve will remain in the open
position until engine shutdown due to the dif-
ferential pressure across the upstream and
downstream faces of the poppets. Teflon
Viton-A "slipper' seals and Buna-N O-rings

-3
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are used in dynamic and s atic scai applications.
An internal orifice between the inlet and outlet
ports permits fiuid recirculation to bleed air
from the controil fluid. A mechanical lockup,
actuated through a cam-rod that is positioned
to cam the follower when an unruptured hypergol
cartridge is installed, prevents ignition monitor
valve actuation until the hypergol cartridge has
ruptured. The atmospheric reference port is
vented to the fuel overboard drain system.

1-89. IGNITER *UEL VALVE DESCRIPTION.
The igniter fuel valve (figure 1-35) is an integral
part of the hypergol manifold assembly. The
igniter fuel valve is opened by fuel pressure
applied to the FUEL iNLET port of the hypergol
manifold from the No. 1 {uel outlet duct. When
the igniter fuel valve is opened, an internal
passage in the maniiold directs the fuel from
the igniter fuel valve to the hypergol container
where the fuel first ruptures the hypergol car-
tridge diaphragms and then foilows the hyper-
golic fluid into the thrust chamber {or ignition.
A Teflon O-ring in the nose of the poppet seats
against a seat macinined intc the hypergol mani-
fold body. The desired spring loading is ob-
tained by shimming the spring.

1-90. FLIGHT INSTRUMENTATION SYSTEM
DESCRIPTION.

1-91. The ilight instrumentation system moni-
tors engine performance during checkout, test,
and vehicle flight operaticns. The system con-
sists of pressure transducers, temperature
transducers, position indicators, a flow meas-
uring device, power distribution junction boxes,
and associated electrical harnesses. The basic
flight instrumentation system is composed of a

. primary and an auxiliary system. The primary

instrumentation system includes parameters
critical to all engine static firings and subse-
quent vehicle launches, the auxiliary system is
used during research, development, and ac-
ceptance test portions of the engine static-test
program and initial vehicle flights.

1-92. Eight types of seals are used in the flight
instrumentation system installation: asbestos
rubber sheet gaskets for electrical connector
application; Viton-A O-rings and Gask-O-Seals
for fuel applications; copper crush washers,
copper-plated nickel-base Naflex seals, and
gold-plated steel K-seals for hot-gas applica-
tions; and Teflon-coated steel Naflex and K-seals
for cryogenic applications. Refer to section II
for detailed joint and seal data.

Change No, 10 - 16 July 1971 1-35
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1-92. On. engines incorporating MD36 change,

transcuzers, harnesses, and related hardware

that mage up the auxiliary instrumentation
systemr: are removed, with the exception of the
heat exchanger oxidizer inlet flowrate meas-
urement transducer. The heat exchanger

1-36 Change No. 7 - 18 August 1969

Hypergol Manifoid

oxidizer flowmeter and associated electrical
harness are retained ¢ rmaintain heat exchanger
calibration capability. The ilight instrumenta-
tion system parameters, iucluding both the
primary and auxiliary systems, are listed in
figure 1-38.



R-3896-1 Section I
IGNITER FUEL VALVE : IGNITION MONITOR VALVE
Cracking pressure 375 30 psig Actuating pressure 20 .4 psig
Shimming effect Each shim changes the Recirculation flow 0.22 1 0,41 vpm
cracking pressure
4 psig.

Figure 1-36. Hypergol Manifold Leading Particulars
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. Accuracy
"Tap No. ’ Parameter Range (Percent)
PRIMARY INSTRUMENTATION
ai KF6a-1 Fuel pump inlet No. 1 pressure 0-200 psia 2.0
Lo TGSe Turbine outlet pressure 0-100 psia 2.0
' Lo PF2a-2 Fuel pump discharge No. 2 pressure 0-2,500 psia 2.0
S CGle Combustion chamber pressure 0-1,500 psia 0.5
GG1d Gas generator chamber pressure 0-1,500 psia HRY
PO2a-2 Oxidizer pump discharge No. 2 pressure 0-2,000 usia “.0
NH5¢ Common hydraulic return pressure 0~-500 psia 2.0
LBla Oxidizer pump bearing jet pressure 0-1,000 psia 2.0
Ls1 Oxidizer pump bearing No. 1 temperature 0° to 400° ¥ 2.0
TG4a(a) Turbine inlet manifold temperature 0° to 2,0006° ¥ 2.0
CGT1 Engine envircnmental temperature 0° to 1,500° F 2.0
F44 Heat exchanger oxidizer inlet flow 20-100 gpm 2.0
AUXILIARY INSTRUMENTATION(P)
POTa Cxidizer pump seal cavity pressure 0-50 psia 2.0
HH2a Heat exchanger helium inlet pressure 0-500 psia 2.0
HH3a Heat exchanger helium outlet pressure 0-500 psia 2.0
PO2a-1 Oxidizer pump discharge No. 1 pressure 0-2,000 psia 2.C
HO1b Heat exchanger oxidizer inlet pressure 0-2,000 psia 2.0
HO4za Heat exchanger GOX outlet pressure 0-2, 000 psia 2.0
. P¥2a-1 Fuel pump discharge No. 1 pressure 0-2, 500 psi 2.0
NH3a Engine control opening pressure 0-2, 500 psia 2.0
NHZa Engine control closing pressure 0-2, 500 psia 2.0
HOla Heat exchanger oxidizer inlet femperature -300° to -250° F 2.0
HO4b Heat exchanger GOX outlet temperature -300° to +600° F 2.0
F16 Heat exchanger oxidizer inlet flow(c) ' 0-100 gpm 2.0

(a) Eacines not incorporating MD176 change

(b) Engines not incorporating MD96 change

(¢} Or :ngines incorporating MD96 change, this measurement is retained and relocated to
primary system as tap number F44.

Figure 1-38. Flight Instrumentation System Parameters

1-94. PRIMARY AND AUXILIARY JUNCTION transducers either to and from ith: telemetry
BOX DESCRIPTION. and instrumentation system during vehicle

_ flight or to and from the control ceénter during
1-95. There are two electrical junction boxes engine static test. The primary junction box
in the light instrumentation system: the pri- (figue 1-39) has provisions for eight electrical
mary ‘unction box located in the primary system connections; the auxiliary junction box (figure
and ho auxiliary junction box located in the 1-40) has provisions for five electrical con-

. auxiliary system. On engine incorporating nections. Both junction boxes are hermetically
MDS8 change, the auxiliary junction box is sealed to prevent possible entry of contaminants
deleted. The junction boxes serve as junction and moisture.
points for signal circuitry of respective P

1-38 Change No. 7 - 18 August 1969
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Figure 1-44. Speed Transducer

puise generator. With the transducer installed,
the tis of the probe aligns with the two-hole
tachumeter on the turbopump torque gear
sleeve. As the turbopump shaft rotates and
each “wie passes the tip of the probe, the flux
density of the pickup coil is interrupted. The
buildup and collapse of the flux lines generate

a voitage across the leads. This voltage,
Brouertional to the pump shaft speed, is then

co ioned for recording. The magnitude of the
is dependent on the angular speed of

¢ rbopump shafi, the distance between the
pickup coil and torque gear sleeve, and the
raedium of the gap. The frequency is deter-
mined by the angular speed of the pump shaft,
ard L:¢ number of holes in the torque gear
sleeve.

1-10=. THERMAL INSULATION SYSTEM
DESCRIPTION,

1-105. Thermal insulation (figure 1-45) is sup-~
plied fo protect the engine from extreme temper-
ature environment caused by plume radiation and

back-flow during vehicle flight. Thermal in-
sulators for the engine are of two wypes, foil-
batt and asbestos bianket.

1-106. Foil-batt insulators are preformed
segments construcied of random fiber batting
secured between two layers of textured inconel
foil. The thickness of the thrust chamber in-
sulator inner foil is 0. 004 inch; ocuter foil
thickness is 0. 006 inch. Cocoon insulator

foils are 0.006 inch thick. The cccoon insuiator
inner foil is vented to preveat ballcouing due to
expansion of gases trapped between the layers
of foil. These insulators arc used to cover
large, flat areas of the thrust chamber and noz-
zle extension, heat exchanger lines and bellows,
customer connect (wrap-around) lines, and the
cocoon area {thrust chamber throat to interface
panel).

Change No. 9 - 4 November 1970 1-43
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1-107. Asbestos blanket insulators are com-
posed of multipie layers of asbestos cloth
reinforced with Inconel lockwire and coated on
one side with aluminum. The asbestos blankets
are laminates of two, four, or five layers,
depending on the location on the engine. Asbes-
tos blankets are used on the exit end of the
nozzle extension, above the oxidizer dome
between the gimbal bearing and interface panel,
and helow the cocoun between the thrust cham-
ber and turbine inanifold.

1-108. Hardware used to secure the thermal
insuiation to the engine consists of support
structure, screws, self-locking nuts, flat
washers, nut -lips, bolts, and Inconel lockwire.
Sunport struciure (braCnets straps, and
1 ports) is located nrimarily in the cocoon
zrea,  Protruding stuas are percussion-
weided onto hatbands of the thrust chamber to
support and secure insulator panels. Brackets
with nutplates are provided to secure in-
sulator panels to the nozzle extension.

1-20%. ENGINE PURGE AND DRAIN SYSTEM
DHSCRIPTION.

.. .nation in the critical areas of the engine
wnis permits safe disposition of expended coolant

i3, residual propellants, and seal leakage
iivids. The enginc purge system and the drain
yutem are eac). divided into a service mode
=+ ztem and an operational mode system.

i-111. SERVICE MODE PURGE SYSTEM DE-
ST RYPTION.

The sarvice mode purge system utilizes
D
¢ gaseous nitrogen to expel

i

‘ility-supplie
asidual propeilznts and fluids irom the engine.
zervice mode purge system consists of
jok-disconneet fittings on the No. 1 and No. 2
i valves for supplying gaseous nitrogen to the
fuel valves and tnrust chamber, one quick-
disconnect on .he nypergol manifold assembly
tc purge the hypergol container and ignition fuel
hose of residual fluids, a quick-disconnect on
the ignition monitor valve sense tube to purge
the tube of residual fluid, a quick-disconnect at

[ S

VRS

st
[~
@ L

r

)

Section I
Paragraphs 1-107 to 1-116

the bearing coolant control valve to purge the
bearing coolant delivery lines of residual cool-
ant fluid and preservative compound, and six
threaded bosses on the oxidizer dome to purge
the oxidizer dome and injector of residual
flushing {luid.

1-113. OPEPRATIONAL MODE PURGE SYSTEM
DESCRIPTION.

1-114. The operational mode purge system
utilizes vebhicle~ and lacility-supplied gascous
nitrogen o establish . sressure barrier to pro-
tect the oxidizer sections of the engine {rom con-
tamination. Tue guseous nitrogen is supplied
to the engine through two purge fittings. One of
the purge fittings provides gaseous nitrogen
from the vehicle at 80 psig for purging the oxi-
dizer pump intermediate seal. The other purge
Jtiing directs gaseous nitrogen at 800 psig to
the gas generator and No. 1 and No. 2 oxidizer
ralves to prevent contaminants from entering
the oxidizer sections of the gas generator and
thrust chamber during ignition and transition
into mainstage.

1-115. SERVICE MODE DRAIN SYSTEM DE-
SCRIPTION.
1-116. The service mode drain system enables

residual fuel and control ~vsiem fiuid to be
drained from the enginc during maintenance

and post-test securing oi the engine. The ser-
vice mode drain system consists of quick-
disconnect fittings and drain plugs located at
low points of the propellant feed and control
systems. The quick-disconnect fittings utilized
for draining residual fuel are loczted on the

No. 1 and No. 2 fuel inlet =lbows, No. 1 and
No. 2 high-pressure fuel ducts, thrust chamber
fuel inlet manifold, hypergol manifold, and gas
generator. Quick-disconnect fittings {or drain-
ing the control system fluid are located on the
control system engine return line, control sys-
tem engine supply line, and gimbal actuator
return line. Four drain plugs locatad cn the
thrust chamber fuel retusn manifold permit the
thrust chamber tubes tc e drained of residual
fuel, prefill fluid, or flushing solvent.

Change No. 9 - 4 November 1970 1-45
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1-117. OPERATIONAL MODE DRAIN SYSTEM
DESCRIPTION.

1-118. The operational mode drain system
furnishes a means of overboard disposition
of fluid leakage past internal seals of certain
components, and of expended bearing coolant

- fluid from the turbopump. The operational

mode drain system consists of separate oxi-
dizer and fuel overboard drain lines and a

fuel drain manifold. Fuel and control fluid
sexl leakage and expended coolant fluid are
collected into a single fuel overboard drain

line on the No. 2 side of the engine. (See
figures 1-47 and 1-47A.) The fuel drain mani-
fold (figure 1-48) is the collective drain point
for the expended coolant fluid and excess pre-
servalive compound remaining during turbopump
preservative procedures. Oxidizer leakage
past the primary oxidizer seal of the turbopump
and the internal oxidizer seals of the No. 1 and
No. 2 oxidizer valves and gas generator control
valve are directed to an oxidizer overboard
drain line on the No. 1 side of the engine. (See
figure 1-49.) This line also directs overboard
the purge flow through the oxidizer side of the
turbopumy intermediate seal. Paralleling the
oxidizer overboard drain line on the No. 1 side
of the engine is the nitrogen purge overboard
drain line, which directs overboard the purge
flow through the fuel side of the intermediate
seal.

1-119. ENGINE OPERATIONAL REQUIRE-
MENTS.

1-120. The engine requires a source of
prieumatic pressure, electrical power, and
propellants for engine operation. A ground-
supplied hydraulic pressure source, hyper-
golic fluid, prefill fluid, and pyrotechnic ig-
niters are required for engine start., Figure
1-50 lists facility-supplied inputs required for
engine operation.

Section I
Paragraphs 1-117 to 1-124

1-121. ENGINE OPERATION.

1-122. Engine operation is described within

this section in terms of engine preparation stage,
engine start and ignition, engine mainstage,

and engine cutoff for a typical single engine in a
test facility. This description is supplemented
by an engine start and an engine cutoff block
diagram flow chart {({igures 1-51 and 1-52), an
engine system schematic reflecting engine con-
ditions during the respective stages of operation

- (figures 1-53, 1-54, 1-55, and i-56), and engine

start and cutoff sequence ilow charts (figures
1-57 and 1-58). The scquence of engine start
and shutdown is ¢ontrolied by an electrical-
hydraulic-mechanical system. Electrically,
relays in the facility equipment, and solenoids
and switches on the engine, are employed to
start, maintain, and stop the sequence. An
orificed hydraulic control system powers and
seqtiences the propellant and control valves.
Also, mechanically linked devices assist in
sequencing propellant valve actuation.

1-123. ENGINE PREPARATION STAGE.

1-124. The engine preparation stage is that
activity during which it is determined that the
engine and the test facility are in a satisfactory
condition for a safe engine start. The culmina-
tion of this activity is an ENGINE PREPARATION
COMPLETE signal which, in conjunction with a
facility preparation complete signal, makes
electrical power available to the engine start
switch.

Change No. 9 - 4 November 1970 1-47
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R-3896-1 Section

PROPELLANTS
Liquid oxygen (MIL-P-25508) Gas generator and thrust chamber combustion
Propellant kerosene (MIL-P-25576) Gas generator and thrust chamber combustion
PNEUMATICS
800 psig gaseous nitrogen (MIL-P-27401) Gas generator and thrust chamber domes purge
80 psig gaseous nitrogen (MIL-P-27401) Turbopump oxidizer seal purge

100-200 psig gaseous nitrogen (MIL-P-27401)  Thermal insulation cocoon purge

250 psia helium (Bureau of Mines, Grade A) Heat exchanger (vehicle fuel tank pressurization)

ELECTRICAL POWER

5 vde v , Engine instrumentation system (valve poten-
tiometer)
,,,,g_ﬂ»'%\: 28 vdc Engine control system
w.»/ 28 vde ’ Engine instrumentation system {transducers)
5 vde Engine instrumentation system (transducer
checkout)
220 vac Turbopump heaters
500 vac Engine pyrotechnic igniters
MISCELLANEOUS
Pyrotechnic igniters (2) Gas generator igaition
Pyrotechnic igniters (2) Thrust chamber nozzle extension ignition
Hypergol igniter (1) Thrust chamber ignition

Prefill fluid {105 gallons of ethylene Thrust chamber tube inert prefiil
glycol and water) ‘

5254

1,500 psig propellant kerosene (MIL~P-25576) Fluid power supply (prior to mainstage)
or RJ-1 fuel (MIL-F-25558) pressure

Figure 1-50. Engine Facility Requirements

Change No. 16 ~ 16 July 1871 1-51
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Figure 1-51. Engine Start Sequence (Typical Single Engine) (Sheet 1.0f 2)
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Engine Start Sequence (Typical Single Engine) (Sheet 1 of 2)
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Section |
Paragraphs 1-125 to 1-132

1-125. ENGINE START AND IGNITION STAGE.

fhe engine start and ignition siage is
the engine ouperation that is initiated
anual actuation of the engine start
2xiends through the period during
which the ‘,:ropcilant valves are opened, com-
bustion of the propellants is ostaohshed and

1 into mainstaee takes nlaco The ;

¢ : switeh electrically

jucnce that
rotate to the engine
domﬂ opera tw on&l

swztca ;‘.,‘:'1"-.

¥ [ Vv §
i i

R : dzoub valve timer
expires wod the choeciout valve is in the engine
cefurn socition, 'u.-"uopump heaters are
deeneyai eicclirical power is applied to the
ous ~and noszk tension pyrotechnic
ignite: y uimer energizes.
When e start celay timer expires and burning
of the ipaeiters is electrically verified by the
severcnss of the igniter links, the start sole-
neid of the engine control valve and an ignition
stage vaner are eneveized, The actuation of
the st soleanocid causeg the control spool of
the eagine contrel vaive to shutile, which re-

[P REORS p
and a ntart do

MOVes ""‘HL.xl(I-L)qux‘('Q frydraulic closing con-
tro! fi om tie propeliant valves and applies

the couirol rhua to th spening port of the No. 1

and No. 2 oxidizer vaives and the inlet port of
ton monitor valve,

Doening of tne oxidizer vaives permits
- 10 flow o the combustiion zone of the
wper and aiao mechonically opens
nce valves, When the sequence valves
21"01 fluid is directed to the opening

s generator control valve. Open-
as wvnom\to: control valve admits

to the gas gerecator combustor
propellants are ignited by the gas

¢ igniters. T'ne resultant fuel-rich

. ore directed threagh the turbine and
chamber cxibaust manifold to the
nsion whero Lhe gases combine with
{he oactzer-rich atmosphere in the thrust
chamzer and are ignited by the nozzle extension
iters. Flow of the gas generator combustion

]‘.n(" ’u Lites
propeile
whes
gonoera

gasco crrough the turbine causes turbopump
rotat and the atteraani increase of fuel and

axidizer pump discharge pressure.

1-56 . Change No. 7 - 18 August 1969

R-3896-1

(SO RRINEG Il‘;{.‘

Mt mm qk,‘n Sk x1

the turbpl’,-mnp beay
bearing cooling. When the 1
pressure increases to approxi
the igniter f{uel valve poppet is offsc
tm0 mel to the hy p“rfvol ignite

dire
fucl, o
zoie and e;x:m:vzsh ienition.
the hypergol cartridye dinshr
ignition monitcr valve, and thy
bugtion pressure of appr L)\luldtLlV ,() s
sensed at the control port of the ignition

valve, czuses ihe 1gni‘tim‘; monitor vaive |
to shuttle. Shuttling of the poppe‘ direce:
controi fiuid at the inler port to fiew to the open-
ing ports of the No. T and No. 2 {uel valves.

1-129. ENGINE MAINSTAGE.

1-130. Engine mainstage is that period of
engine operation that is initinted when ino cugine
has attained 80 percent rust

of its rated tn
Mainstage is signalled by the actuat:on of the

thrust OX pressure switches. During the tran-
sition into m&mst age, tle bonuol SYHLE mopres-
sure source is auvioma ‘
engine at thc t';.me en"
sure exceeds rroun
the fuel valves reach
supply valve in the
fem supply line is
timer, which would ve initiate
cutoff if the fuel valves had ol
the time limit of the {liner, ex

ergizes the engine control valve CHIC
““he control gpool ic wnafiected . ne:use the

avieally leckoo i the

spool has been hydr:
valve's open position.

1-131. ENGINE CUTOFF,

sizetricaily
thi engZine control

1-132. Engine cutoff is ind
by simultaneously energizi:
valve stop solenoid and the
valve solencid. When the ¢ g !
stop solenoid is energized, hie control 59001
is shuttled to the valve's cic osition, which
removes opening pressure and apliies closing
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i'(, the propellant valves. Energizing
shutdown valve permits the valve
sally utuatc and direct control sys-
cgsure ro the override port of the engine
2 valve. Pressure to the override port
will cause the control spool to shuttle {o the
valvi's closed position if the spool had not
wonooxtmnea when the stop solenoid was ener-
cd. When closing control pressure is ap-
- propelian , orifices in ths
: £ 2ls SeNeriior
control vaive, oxidizer alves, and fuel vatves
closed, in that ordce

Lo nydraui

¢ cutoff is initiated,
¢ &cuva.tea

1-15% AU the time en
the turoopump beari:
and the o*mazu :

3 turoine and causes
ge pressure. As
W Lbuuc fuel valve
pearving covlant control valves close. Clos-
7 e oxidizer and fuel valves causes 2
Pl a;om‘*u;;t?op zoue pressure in the thrust
serosad the resultant closing of the igni-
snitor vaive, When both the No. 1 and
aei valves reach the closed position,
oud valve is autumatically returﬁed
wre turn position and the grouad
contra! system supply valve is reopened
to supply closing pressure to the propellant
valves until all residual propellants are drained
rom the engine.
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1 1-134.

R-3896-1

F-1 ENGINE FLOW,

1-135. The following describes F-1 engine
flow (figure 1-59) and events that take place
from the time of Customer acceptance of the
engine at Rocketdyne, Canoga Park, through
Apollo/Saturn V launch at Kennedy Space
Center (KSC). After offical acceptance of
the engine (signing of DD Form 250), modifi-
cations may be made or maintenance tasks
may be performed, with Customer approval,
before shipment. The engine, nozzle exten-
sion, and loose equipment are shipped to the
Michoud Assembly Facility (MAF) by either
truck or ship. {(Thermal insulation (TIS) is
shipped t¢ MAF by truck.; At MAF the engine
is inspected and than assigned to a stage,
designated as a spare, or left unassigned.
Spare engines and unassigned engines are
processed to a gpecific condition and placed
ir storage uniil needed. The normal flow of
assigned enginces consists of installing loose
equipment and TIS brackets, performing
modifications and maintenance, and installing
tha thrust vector control system on outboard
¢ .ines. Single-engine checkout is performed,
v ap-around ducts and hoses are installed, and
engines ace installed in the stage. The
¢.xze and nozzle extensions are then shipped to
the Mississippi Test Facility (MTF) by barge.

1-136. The stzge i3 installed in the stfatic test
swznd at MTF where the engines are inspected,
d nozzle extensions, slave hardware, and
atic test instrumentation are installed. A
~a-static checkout of the stage is perfcrmed,
fuilowed by a static test, to determine stage
:»ceptability and flight readiness. After a
vuccessful stage static test, the engines are
mspected, test data is reviewed, and the turbo-
udamps are preserved. The nozzle extensions,
slave hardware, and static test instrumentation
sre removed; then the stage is removed from
nz test stand, and the stage and nozzle exten-
g.oas are shioped to MAF by barge. During
noomal stage flow at MAF, the installed-engines
are inspected and refurbished; then a post-

' gtatic checkout and a pre-shipment (to XSC)

ivspection are performed. The stage may be

© gwred at MAF after engine refurbishment,

depending on the stage schedule.

The stage,

nozzle extensions, loose equipment, and TIS
i are shipped to KSC by barge.

1-137. At KSC the stage is erected onto the

. Launch Umbilical Tower (LUT) in the Vertical

Assembly Building (VAB), where a visual

Section I
Paragraphs 1-134 to 1-137
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CUSTOMER
ACCEPTANCE
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Figure 1-59. F-1 Engine Flow

inspection is performed, icose eguipment is
installed, meocdifications are made, and main-

tenance tasks are performed. Stage and engine
g

leak and functional tests are performed, and
final installatior: of the TIS is completed.
While the first siuze is being prepared, ctier
tasks are beins cne iu prepare the remaining
stages and modules, and ing spacecraft, @0
mate and assemble theiu into the complete
Apollo/Saturn V Vehicic. The vehicie and
mobile launcher are ther moved fram the VAB
to the launch pad on the crawler transporier,
where launch preparations and final checkouts
are performed. With all preparations com-
plete and all systems ready, the Apollo/Saturn
V is launched. After launch, a post-flight data
evaluation is made, to determine that the S-IC
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Section I
Paragraphs 1-138 to 1-150

“ stage engines operated within the specified

T

TS

values during vehicle launch.

e

ENGINE FLOW BEFQORE FIELD

1-138.
i DELIVERY.
i
{1 1-139. CUSTOMER ACCEPTANCE
H INSPECTION.
. 1-140. Tustomer acceptance inspection is
§ performec when Contractor cngine activity at
i# Canoga i-2rk is complete. The Customer re-
i views «1. documentation including Component
{ Test | rds, Engine Buildup Records, Engine
Lg Test It words, and Eagine Acceptance Test
E Rec_cz:r:"* i the Engine Loz Book., The Customer
i verific; ¢t the engine configuration informa-
I tion on che engine MD ici'ntificatiox1 nlate
¢ corresy.vis to that >d in the Evsine Log
4 Book, s upon acceronce of all ro Lords and

S

PRI N s P VB LR

ISR

3 figure 1-60. Detailed requirements for
5 shipping the engine are in R-3896-9. Detailed

documesation, signs DD Form 250, which
constitures official acceptance of the engine
by the Customer.

i-141.
MODI

POST-DD250 MIAINTENANCE OR
1.,r.'IION,
1-142. i required before field delivery of an
engine, ;30st-DD250 maintenance or modification,
as requir 2d by Engineering Change Proposals
(ECPs) and Engine Field Inspection Requests
(EFIKs) can be done ai Rockeidyne with
Custome: approval. Topon completion of main~
tenance o modification. the Engine Log Book
is ur)dau d, and the engine is accepted by the
Custome>

1-143.

. 'LJ;'

NGINE SHIPMENT TO MAF,

‘a1e engine, nozzle extension, and
tipment is shipped to MAF by truck
¢ o3 directed by the Customer. See

requirerents describing the use of handling
equip:ixit are in R-3896-3.

1-145. PREPARATICN FOR SHIPMENT.

1-146. Preparation for shipment at the Con-
~ tractor' s facility consists primarily of removing
- the engine from buildup and test equipment,

% installing the engine and nozzle extension in
¢ shipping equipment, and packaging the loose

eguipment. Engine Rotating Sling G4050 is in-

" 4 stalled on the engine and a facility hoist lifts

1-64 Change No. 9 -~ 4 November 1970
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the sling and rotates the engine from vertical
to the lowered (shipping) position, or from ‘
horizontal to the lowered position. A gascous &
nitrogen purge is applied to the oxidizer pamp i
seal during the time the engine is being rolated ?
to the horizontal or lowered position. The en~
gine is then secured on Air Transport Engine '
Handler G4044 in the lowered position and the
shn;, removed. If the exﬂn 2 ig o bc s}«mped
’mury by i;\; gt [y ap s it

made make sure ‘m at T i-avnber Throat i
Securit; v’;ﬁ"‘;cd, that a1l i
desiceant is cor l‘tCllv' SEEULCE, 1t the _Lmlc.lty?
range .3 acceptable, that opaen

gaare covered
with sultabie closures, and that * e gimbil
bearing is immobilized with G1m,.)m Bearing
Lock G4059, The i’r;n e and Engine Covay
G4047 are installed on the ‘nL,lIlc with the neces-
sary forms sealed in the security pouch. Usmg
a facility hoist and Engine Handler Sling G4052,
the nozzle extension is installed on Nozzle
Extension Handling Fixture G4080 and the ;o‘xded
nozzle extension installed on Handling Adapter
G4081. Because of shipping regulations govern-
ing transportation of ignition devices, tnc e.lm_ne
hypergol cartridge and pyrotechnic 10mters are
not shipped with the engine.

T

1-147, SHZ[PPING BY TRUCK.

1-148. Trucks zre used to transport the engine
nozzle extensioa, and loose equipment, cr 088~
country or to and from dock sites. Usinga
facility hoist and Engine Handle: Sling G4052,
the handler-installed engine anc¢ lcaded nozzle
extension (installed on the hand.. iy adapter) are
loaded and secured on a low-bzd, air-ride-
equipped trailer. Loose equipment is packaged
in boxes, loaded by forklift, and secured. For |
cross-country shipping, a calibrated impact re- |
corder is installed on the handler, A truck
transport ciaecklist is used as a guide to verify
that specified procedures are performed before
truck departure and during cross-country :
shipping.

2

T R e e e B B S o T B
X z TR SIIEITUR T T

1-149. SHIPPING BY SHIP.

1-150. The engine, nozzle extension, and loose
equipment are delivered to the ship by truck.
The low-bed trailer is positioned on the ship's
deck. Using a mobile c¢rane, Engine Handler
Sling G4052, and tractor, the Handler-installed
engine is removed from the trailer, placed on
the cargo deck; then moved forward and

o AR RA N ST 51
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Section I
Paragraphs 1-151 to 1-162

secured. The nozzle extension and loose equip-
ii ment are removed from the trailer by mobile

. crune or forklift and secured to the cargo deck.
i The water transport checklist is used as a guide

1 to verify that specified procedures are per-
formed before departure, in transit, and after
docking. '

1-151. RECEIVING ENGINE AT MAF,

1 1-152. The Stage Contractor receives the
engine aind is responsible for engine flow at
i MAF. Sece figure 1-61.
¥ for engine receiving by truck and ship are in
i R-3856-9. Detailed requirements describing
B the use of engine handling equipment are in
R-3896-3.

1-153. RECEIVING BY TRUCK.
't 1-154. Engines, nozzlé extensions, and loose
! equipment received by cross~-country truck or
7 by truck from the MAF dock are delivered to

is visually inspected for shipping damage. If
arriving at MAF by cross-country truck, the

. ‘f’{ arrival time and date are recorded on the
' ! impact recorder chart.

I and Engine Handler Sling G4052, the handler-
I installed engine and nozzle extension are

g moved from the trailer to the floor. Loose

i equipment is removed from the trailer using
% a forklift. The nozzle extension is routed to
ii the nozzle extension storage area, and loose
i equipment is routed to the Engine Support

% Hardware Center. The engine is routed to the
! engine area or to the bonded storage area (if
! unassigned), where the impact recorder and
i turbopump preload fixture are removed (if

: installed) and returned to Canoga Park.

¢ 1-155. RECEIVING BY SHIP.

1 a tug, mobile crane, and low-bed trailer are
i positioned on the ship's cargo deck for the off-

' G4052 and the mobile crane, the engine and

4 nozzle extension are loaded and secured on the
i low-bed trailer.
on the trailer by forklift, The trailers are
moved into the Manufacturing Building, where
the engine, nozzle extension, and loose equip-
ment are inspected for shipping damage. En-
gine receiving then proceeds as described in
i paragraph 1-153.

S

1-66 ‘Change No. 9 - 4 November 1970

Detailed requirements

1-159.
¢ the Manufacturing Building where the equipment

Using the facility hoist

¥ 1-156. When the ship arrives at the MAF dock,
; 1oadmg procedure. Using Engine Handler Sling

The loose equipment is loaded

R-3896-1

1-157. UNASSIGNED-ENGINE FLOW AT MAT,

1-158. Unassigned-engine flow at MAF pertains
to unassigned and spare engines. Upon receipt
at the Manufacturing Building, unassigned en~
gines are inspected for shipping damage, moved
to the bonded storage area, inspected, and
stored until scheduled for modification and/or
assigned to a stage. Spare engines are proc-
essed through buildup and single-engine check-
out, moved to the bonded storage area, and
stored in a standby condition in case engine
replacement is required. Single-engine check-
out is required for all engines in storage over
six months. If any discrepancies are observed
during engine flow at MAF, Engine Contractor
personnel perform unscheduled maintenance

and repair or replace discrepant hardware on
the engine. Discrepant hardware removed from
the engine is routed to the CM&R area, where
it is repaired and tested.

STORAGE RECEIVING INSPECTION.

1-160. Unassigned engines are visually in-
spected in the bonded storage area. The engine
cover is removed, and the engine inspected for
damage, corrosion, residual fluid on exterior
surfaces, and surface wetting on the hydraulic
control system exterior. It is verified that
specified areas of the engine are coated with
corrosion preventive, that humidity indicators
indicate blue, and that line markings are cor-
rect. The turbopump preservation status is
checked in the Engine Log Book, and the turbo-
pump is serviced if required. The engine cover
is reinstalled. Detailed inspectior requirements
for engines in storage are in R-3896-11.

1-161. ENGINE FLOW AT MAF. (See figure
1-62.)
1-162. When an uninstalled engine is received

in the engine area, it is removed from Air
Transport Engine Handler G4044, rotated to the
vertical position, and placed on Engine Handling
Dolly G4058 using Engine Rotating Sling G4050
and the facility hoist. The engine is then moved
into a workstand where receiving inspection and
engine buildip are accomplished. After cngine
buildup, the engine is placed into a test stand for
single-engine checkout and installation of wrap-
around lines. The engine is then removed from

the test stand, rotated to the horizontal position, }~

and installed on Engine Handler G4069. The

oxidizer pump seal is purged with gaseous
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RECEIVING ENGINE, NOZZLE
EXTENSION, AND LOOSE A
EQUIPMENT BY SHIP

ENGINE, NOLZZLE EXTENSION, AND

FROM DOCK FACIt.ITIES

ROCKETDYNE

RECEIVING ENGINE, NOZ.:LE
EXTENSION, AND LOOSE EQUIPMENT e
BY CROSS-COUNTRY TRUCK

"OFF-LOADING ©NGINE,
NOZZLE EXTE )

NOZZLE EXTENSION -
STORAGE AREA

—

: % SHIP TG MTF FOR

STATIC TEST
RECEIVE FROM MTF

AFTER STATIC TEST
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Figure 1-61. Recelving Engine at MAF
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. WITH G3142 MODIFICATIONS
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INSTALL WRAP-AROUND STAND AND INSTALL
. DUCTS AND :OSES ON G4069
F1-1-102
) Figure 1-62, Engine Flow at MAF
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R-3896-1

fl nitrogen during engine rotation to the horizontal
i position and for 30 minutes (minimum) there-

i aftar. The engine is moved to the Stage Hori-
 zoru Final Assembly Area, where the engine
% is prepared for installation, installed in the

4 siage, and inspected in preparation for shipment
i+ to MTF. Engine modifications are made as

5 reguired during engine flow at MAF. If any

¢ discrepancies are observed, Engine Contractor
sonnel periorm unscheduled maintenance,
noorepalr or roplace hardware on the engine.
Dizcrepant haraware removed from the engine
is routed w0 the CM&R area, where it is re-
paired and tested. Detailed requirements
aescribing the use of engine handling equipment

. are in R-3896-3.

.- .63. RECEIVING INSPECTION.

i-.34,  After listaliation in the single-engine
~~tand ir the engine area of the Manufacturing
ding, each assigned engine undergoes an
-ail visual receiving inspection. The engine
» visually inspected for damage, corrosion,
e issing ecuipment; for evidence of fluid in
o line exits or on the engine exterior; and
:er surface wetting on the hydraulic control
sy <tona exterior. It is verified that corrosion

o oentive and aluminum-foil tape 1s present in
wpezified areas, line markings are correct,
augy idity indicaturs indicate blue, and there
. ars no volds in the turbopump housing cavity
Y » material, A clean polyethylene bag is
;1led on the fuel overboard drain line, the
sopump preload fixture is removed, and
>ifize sizes and serialized components are
c¢huecked against those listed in the Engine Log
¢ ©ook. Detailed inspection requirements for
engines received at MATF are in R-3896-11,

i-:65. ENGINE BUILDUP, MODIFICATION,
v ANED MAINTENANCE, ‘

96, LOOSE EQUIPMENT INSTALLATION,
ose equipment that does not interfere with
ie-engine checkout is installed during en-
gine buildup. 7Thz electrical cable support post
is :ustalled only orn engines assigned to the out-
board positions. The interface panel-to-
oxidizer inlet insulation seal is installed on

2!l engines. Wrap-around ducts and hoses are
not installed at this time.

role
~

E R T

1-167. THERMAL INSULATION BRACKETRY
"1 INSTALLATION. The field-installed thermal
4 insulation bracketry is normally stored at MAF

Section I
Paragraphs 1-163 to 1-171

until installation on the engine. All brackets
are installed except for the brackel that aitaches
to the engine handling bearing., The engine
handling bearing is an attach point for securing &
the engine onto Engine Handler G4059; therefore,
the bracket i{s installed after the engine is in-
stalled on the stage. Requirements for installing
thermal insulation brackets are in R-3896-6.

AT

1-168. MODIFICATION AN MAINTENANCE.
Modificafions are made and wiainienance wsks
are performed during enginc buildup, whenever
possible. Engine modifications and special
inspections consist of incorporating retrofit Xits,
as a result of Engineering Change Proposals
(ECPs), and impleaenting Engine Field Inspec-
tion Requests (EFIRs). Bngine maintenance
involving component removal ané replacement
or turbopump disassembly, if required, is done
in the engine workstunds., Component modifi-
cation, repair, : cnotional testing are done
in the environmentauy controlled CM&R area.

AT

ST
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1-169, THRUST VECTOR CONTROL SYSTEM
INSTALLATION. The thurust vector control
system is installed by the Stage Contractor on
engines assigned to the ouilboard positions.
This system consists of two gimbhal actuators,
hydraulic supply and return lines, and a hy-

g
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!

draulic filter manifold. {
1-170, SINGLE-ENGINE CHECKOUT, ?

/
1-171, Single-engine checkout is done after b
receiving inspection and afier engine buildup i
tasks are completea. The engine is installed Ej
in the test stand, where the ignition monitor f]
valve sense tube is disconnected, Thrust Cham-~ i
ber Throat Security Closure G4089 removed, F}

and Thrust Chamber Throat Plug G3136 installed
All connections are made between the engine
and Engine Checkout Console G3142; facility
electrical, pneumatic, ana hydraulic sources
are applied to the console; and the console is
prepared for operation. Electrical system
function and timing tests; a tarbopump torque
test, pressure tesis valve timing {ests, and
leak and function tesis are done in accordance
with the detailed requirements in R~3896-11.
Upon completion of engine checkout, the ignition
monitor valve sense tube is connected, Thrust
Chamber Throat Plug G3136 removed, and
Thrust Chamber Throat Security Closure G4089
installed.

Change No. 9 - 4 November 1970 1-69
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Section I
Paragraphs 1-172 to 1-179

? 1-172. WRAP-AROUND DUCT AND HOSE
} INSTALLATION.

! 1-173. The loose-equipment wrap-around ducts
: and hoses are installed on the engine in the test
stand after single-engine checkout. The helium,
! GOX, and hydraulic wrap-around ducts and the
" purge and prefill hoses are installed and con-
! nected to flanges used for test setups during
; engine testing. The ducts and hoses are alined
i using alinement tool T-5041233 and supported
* with support set T-5046440 to prevent movement
i until the engine is installed in the stage and
_ interface connections are completed. The en-

i gine is then removed from the test stand. De-
: tailed requirements for installing and alining
1 wrap-around ducts and hoses are in R-3896-3.

i 1-174. ENGINE INSTALLATION AT MAF.
s (See figure 1-63.).

1-175. PREPARATION FOR ENGINE INSTAL-
LATION. The engine is rotated to the horizontal
position and installed on Engine Handler G4069
using Engine Rotating Sling G4050 and the facility . .
hoist. The oxidizer pump seal is purged during
engine rotation to the horizontal position and for

30 minutes (minimum) thereafter. After re-

" moving the interface panel access doors, the

4]
;
!
!

ST

L

. oxidizer and fuel inlet covers are removed, the

inleis inspected for contamination, the oxidizer
inlet screen and seal secured in place, and the

i inlets covered with Aclar film. The fuel over-

. bozrd drain system is isolated using clean poly-
ethyicne bags. The gimbal boot cover is re-
moved, and it is verified that the gimbal bearing
| lecks nic installed, the electrical cable support
installed on engines assigned to outboard
¢, and the engine gimbal wrap-around

¥ lireg ar: installed and adequately supported.

i When ready for installation in the stage, the
engine i{s moved 1o the Stage Horizontal Final
Assembiy Area and positioned under a mobile
hoist (A-frame). Thrust Chamber Throat Se~
curity Closure G4089 is removed and the thrust
chermnber inspected. The engine horizontal
ingtallation tool is suspended from the mobile
hois., grepared for engine installation, and then
instalizd in the thrust chamber. The engine is
then removed from Engine Handler G4069 and
raised and rotated to the position required for
engine installation. Detailed requirements for
fuel overboard drain system isolation and engine
. w=reparation for installation are in R-3896-11.
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R-3896-1

1-176. ENGINE INSTALLATION. (See figure [
1-63.) When preparations for engine installation |
are completed and the engine is correctly posi-
tioned in the stage, the engine gimbal bearing is
mated and secured to the stage attach point. On
the outboard engines, the gimbal actuators are
secured to the stage actuator locks, while on the
inboard engines, the stiff arms are secured {o
the actuator locks. Gimbal bearing locks ara i
removed, and the gimbal boot is reinsiailed on
the gimbal bearing. The engii¢ a0vizonds -
stallation tool is removed from the thrust cham-
ber after the engine is secured to the stage;
then the Thrust Chamber Throat Security Closureg_*
G4089 is installed. Aclar film is removed from Y
engine oxidizer and fuel inlets, fuel inlet seals i
and screens are installed, and stage ducting is
connected to the engine inlets. The interface
electrical connectors and stage pressure switch
checkout supply line are connected at the inter-
face panel, and the wrap-around ducts 2nd hoses
are connected to the stage, The thermal insula-
tion bracket that attaches to the engine handling
bearing is installed as specified in R-3896-6.
Detailed requirements for installing the engine
are in R-3896-11.

S CETTTIRTE T

1-177. MANUFACTURING INSTALLATION - A
VERIFICATION, When engine installations and \_,)
stage assembly are completed, the Stage Con-~ }
tractor performs a manufacturing installation 4
verification. This verification consists of a ‘h‘
gaseous nitrogen leak test of the engine interface !
connections and stage systems.

1-178. INSTALLED-ENGINE INSPECTION
BEFORE STAGE SHIPMENT TO MTF.

1-179. The installed-engine inspection heiore
shipment to MTF is made after the stage assom-
bly and verification tests are complete. Each
engine is visually inspected for damage, corro-
sion, and missing equipment; for evidence cf
fluid in drain line exits, fluid on the engine
exterior; and for surface wetiing on the hydraulic j
control system exterior. Itis verified that cor-
rosion preventive and aluminum-foil tape is
present in specified areas, line markings are
correct, the humidity indicator in the thrust
chamber throat security closure indicates blue,
and there are no voids in the turbopump housing
cavity filler material. The fuel overboard drain
system isolation polyethylene bags are visually
inspected for fluid. If fluid is present, the bags
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R-3896-1 SecHon I
Paragraphs 1-180 to 1-181

i -
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: HOM PTG S . B . . Co . \-'\J'J
THOM ENGINE POSITIONED UNDER ENGINE REMOV:.. . 0%
i SNGLE o | MOBILE HOIST (A-FRAME) | ENGINE HANDLER 1inu3
; ENGINE AND HORIZONTAL INSTALL- AND ROTATED FOR i}
; {"HECKOU1 ATION TOOL INSTALLED INSTALLATION

‘ i
Lo

, j /|

Lo L

o |

! ﬁ : g ENGINE POSITIONED FOR y| ENGINES INSTALLED IN gm. TO STAGE ﬁ

: STAGE INSTALLATION STAGE CHECKOUT

L ' _ F1-1-103, ,5"

Figure 1-63. Engine Installation at MAF ;%

, ‘;;

£ are emptied and the quantity of fluid is measured. 1-180. STAGE SHIPMENT TO MTF. (See [?

il The turbopump preservation status is checked figure 1-64.) f

in the Engine Log Book, and the turbopump is i

\ © serviced if required. A final updating of the 1-181., When installed-engine inspection is [

i Engine Log Book is made before engine ship- complete, the forward stage cover and engine i;

.} ment to MTF. Detailed procedures for inspec- covers are installed, the workstands and plat- 1!

| ting the installed engine before shipment to forms are rolled away from the engines, a E

- . MTF are in R-3896-11. tractor is connected to the stage transporter, &

Change No. 9 - 4 November 1970 1-71



Section I | R-3896-1
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R-3896-1

st the sture is pulled to the MAT dock. The
staye is boesed onto the harge and secured. The
novzle cateniaons are londed on low-hed tratlers,
towed Lo the MAT dock, loaded on the barge
using a mobile hoist, and secured. The barge

is then moved to MTF by tug.

1-182.
1-65.)

STAGE FLOW AT MTF. (See figure

e

. 1-183. The stage is received at MTF and in-

“ stalled in the test stand. The engine covers
¢ ure removed,

and recelving inspection is per-

© iormed. The nozzle extensions, slave hardware

¢ ‘normally stored at MTF), and MTF static test

" nstrumentation are installied; then a pre-static

ieckout is neriormed. Thermal insulation is
.. required ‘or static test, therefore it is not
~=talled. Engine maintenance is done anc

anodifications «re made as required during en-

¢+ 1-185.

gine flow at MTF. Upon completion of pre-firing

preparations, the static firing test is performed.
After static test, the engines are inspected; the
zest instrumentation, slave hardware, and
rnozzle extensions are removed; a pre-shipment
inspection is performed; and the stage and
nozzle extensions are removed from the test
stand and loaded on the.barge for return to MAF.

i-184.

STAGE INSTALLATION IN TEST
STAND. ,

Wher the stage arrives at MTF, the

Y barge is docked next to thetest stand. Test

i
Ik
B
1
g

TR TR ST

-'and overhead cranes are attached to the for-

» ward and aft ends of the stage; the stage is

i lifted clear of the stage transporter and barge,
¢ rotated to the vertical position, and positioned
& into the test stand. During rotation to the

vertical position, the thrust chamber and ex-
haust manifold are monitored for fuel leakage.
The stage is secured to the test stand with
mechanical holddowns; stage/facility propellant,
hydraulic, pneumatic, and electrical connec-
tions are secured; and engine covers and engine
oxidizer and fuel inlet screens are removed.
1-186. ENGINE RECEIVING INSPECTION.
1-18%. After the stage is installed in the test
stand, the engines undergo an overall visual
receiving inspection. Each engine is inspected
for damage, corrosion, and missing equipment
and for evidence of fluid in drain line exits. It
is verified that corrosion preventive and
aluminum-foil tape is present in specified

P F
ecuon 1

Paragraphs 1-182 to 1-191

areas, the engine soft gocis installed iife is
within specified limits, and there cro no voids |
in the turbopwnp housing cavity fillee material,
The fuel overboard drain system isolation poly-
ethylene bags are visually inspected for fluid.
If fluid is present, the bags are emptied and the
quantity of {fluid is measured. Engine orifice
sizes and serialized components are checked
against those listed in the Engine Log Book.
Detailed inspection requwrements for instailed
engines received at MTTF are in R-3886-11,

1-188. INSTALLATICN OF NOZZLE EXTEN-
SIONS, SLAVE HARDWARE, AND MTF STATIC
TEST INSTRUMENTATION. '

1-189. The nozzle exi asions, slave hardware,
znd MTF static test instrumeniation are installec
on the engines after the singe is installed in the
test stand ana after receiving iaspection. Using
Engine Handler Sling G4052 and overhead cranes
the nozzle extension is removed from the barge
and from Nozzle Extension Handling Fixture
G4080 and Handling Adapter G4081 and placed

on Engine Vertical Installer G4049 on the lower
stand work platform. The installer, with nozzle
extension, is positioned below the engine; then
the nozzle extension is installed on the engine,
and the installer lowered. The polyethylene bags
are removed from the fuel overboard drain sys-

" tem, and the slave fuel, oxidizer, and nitrogen

overboard drain lines are installed. The slave
igniter harness and MTF static test instrumenta-
tion are then installed and connecied. Detailed
installation requirements are in R-3896-11.
Detailed nozzle extension handling requirements
are in R-3896-9.

1-190. STAGE PRE-STATIC CHECKOUT.

1-191. The stage pre-static checkout is per-~
formed on all engine and stage systems. Imme-
diately preceding pre-static checkout, Thrust
Chamber Throat Security Closure G4088 is re-
moved and Thrust Chamber Throat Plug G3136
is installed. The checkout consists of electrical
hydraulic, and pneumatic leak and function tests.
A simulated static test, which simulates stage
preparation, engine start, ignition, mainstage,
and cutoff sequencing, is performed to verify
stage acceptability for static test. Detailed
pre~static checkout requirements are in
R-3896-11.

Change No. 9 - 4 November 1970 1-173
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R*3896-1 ' Section

1-192.
l 1\/\)0

STATIC TEST.

When all required checkout proceaures,

» modifications, and maintenance are completed,

. uuu, 0T upcl‘

~anu the Thrust Chamber Throat Plug G3136 is

removed, the hypergol cartridge and pyrocechnic

: ignitgrs are installed and checked out and the

test area is cleared in readiness for static test.
A 125-second, uninterrupted-duration stage
setic test is made to checkout all electrical-
aiecironic, wuls v, mechanical, pressuriza-
L, @i control systems ohio wuc-
s during acwal countdown, launch, and i
vicasureme:n’ s of the static Lest are rec
«od processac o determine stage acceptability
=nd flght cowitiness.  The engine start for tne
“age is a L-4-2 sequence: the center en.lne
smaining outboard ci:gines
ariin opposcd groups of two. The engine cut-
Pis a 3-2 ucnce: the center engine and two
opposite cuthuc oo engines cut off first; then the
remaining ve o wonooard engines cut off.

s first, wad e s

me
e

“ single-engine start and cutoff sequence flows

faopected vi

57 and 1-58.

> in figures 1-

-184, ENGINE INSPECTION AFTER STATIC
TEST,
1-3185, The sngine and nozzle extension are

iy after static test to verify that
dumage dic uol occur during the test. Detailed

t1ngpection recuirements are in R-3896-11 and

wi.ade inspecuny for exterior damage and
riissing alumicun: tape between thrust chamber

exaeust manifold and thrust chamber tubes;
- iaside of thrust chamber for tube and injector

1

damage, injector contamination, and liquid
ieakage. Other inspections are for tension tie
deformation, bent or broken studs, nozzle
extension for carbon deposits around flange
area, and internal damage and erosion.

i~196. STATIC TEST DATA REVIEW.

1-197. The static test data is reviewed after
static test to determine that the engine is oper-
ating within specified limits. Test instrumenta-
tion readings are examined to detect abnormali-
ties, sudden shifts, oscillations, or performance
near the minimum or maximum limits.

1-198. TURBOPUMP PRESERVATION.

~189. The turbopump is preserved within 72
nours after static test. After removing fluid
through the turbopump No. 3 bearing drain line,
the turbopump bearings are purged with gaseous
nitrogen, and five gallons of preservative oil is
supplied to the bearings while the turbopump is

Vet

Paragrapns 1-192 o 1-203

slowly rotated. Thg fluid 1s then draived
through the No bmrum drain linc m:l the
bearings are again purged with

.)...

s o 0.

The preservation date is recorded in tne Engine
Log Book,
1-200. REMOVAL OF NOZZLE X TINSION

SLAVE HARDWARE, AND MTF s5TA '1".*@;‘
INSTRUMENTATION.
1-201. Engine Ver.ica: Yuiind
Soned beiow .
'v:»..Lenblv.A TOIMOVeG 0

he v

onto the instalier, :
54002 and over e L aozZie sxtengion
is reznoved frow o0 r, fasialied on
Nozzle Extension oooodling fixture G4080, ana

12 loaded nozzle exic lied on Handling

G4081. The sive
:1 cverboard drain ..

consisting

L.CL”“

is removed, Laed, o anc
P or replace cequirod, {or reuse
guring wue next static tes.. The luel overvoard

drain system is isolais ;i polyethylene

using oo

bags. The expended igniters ana wypergel car-
tridge are removed. Tae MTE suoiiie test in-

strumentation is disconnected anu removed and
the instrumentation ports shy mu’ ‘rmwa iately

by incorporating the appA..M 1E T il speci-
fied in Modification Iu%t‘ucgiwn R—:,AGS ‘§9<

(ECP F1-3561). The Thrusi Chamber T
Security Closure G433¢ is instalicd., Datad
removal reguirements are in R-3898-1", De-
tailed nozzle extension hundling regqu.re:.ients
are in R-3885-9.

1-202

INSTALLED-ENGINE INSPRCTION
BEFORE STAGE SHIPMENT 10 MAF.

1-203. The engine is inspecied before shipment
to MAF and after all post-static-test tasks are
complete. Each engine is visually inspected

for damage, corrosion, and missing equipment;
for evidence of fluid in drain line exits or on the
engine exterior; and for suriace wetting on the
hydraulic control system exterior. Ifis verified
that corrosion preventive and aluminum-f{oil tape
is present in specified areas, iine maxkings are
correct, the humidity indicator in the thrust
chamber throat security closure indicates blue,
and there are no voids in the turbopump housing
cavity filler material. The fuel overboard drain
system isolation polyethylene bags are visually
inspected for fluid. If fluid is present, the bags

are emptied and the quantity of fluid is measured.

All engine protective closures are installed upon

Change No. § - 4 November 1970 1-75
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Section I R-3896-~1

Paragraphs 1-204 to 1-215

completion of visual inspection. It is verified
‘ihat the humidity indicator in the thrust chamber
throat security closure indicates blue at the time
of shipment. Detailed inspection requirements

i are in R-3896-11.

1-204. STAGE REMOVAL FROM TEST STAND.

1-205. After engine visual inspection, the en-
gines and stage are prepared for removal from
the test stand. The engine and stage covers are

4 installed; stage/facility propellant, hydraulic,

pneumadtic, and electrical connecticns are dis-
connected; and mechanical holddowns are re-
moved. Test stand overhead cranes are
attached to the forward and aft ends of the stage;

+ the stage is lifted clear of the test stand, rotated

to the horizontal position, and installed on the

i stage handler on the barye. The oxidizer pump

seal is purged durin: v.gine rotation to the hori-
zontal position and for 30 minutes (minimum)
thereafier. The nozzle extensions, installed on
Nozzle £xtension Handling Fixtures G4080 and
Handling Adapters G4081, are removed by over-
head crane and loaded on the barge. The stage
transpcrter and nozzle extensions are secured
on the barge for shipment. A final updating of
the Engine 1.0g Book is made before shipment

o MAF.

1-206. STAGE SHIPMENT TO MAF.

1-207. T:e barge, containing the stage and
nozzle exiensions, is moved from MTF to MAF
by tug. uUpoa arrival at-the MAF dock, a tractor
is connecied to the stage transporter, and the
stage is wulled from the barge and towed to the
Stage kout Building. The nozzle extensions
are loaded on low-bed trailers, using a mobile
hoist, and towed from the barge to the nozzle
e}.tenswu storage area.

08. STAGE FLOW AT MAF. (See figure
6

1-209. The stagé is positioned in the Stage
Checkout Building at MAF, and workstands and
platforms are installed to aid access during

* inspec.ion and checkout. The engines undergo
: a2 receiving inspection, refurbishment, post-

static checkout, and pre-shipment inspection.
A storage period may be required after refur-

. bishment, if so, the stage is prepared for
* storage and stored for a specified time before
. post-static checkout.
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areas and that there are no voids in the turbo-

-1-214. STAGE STORAGE.

1-210. ENGINE RECEIVING INSPECTION. i

1-211, After positioning the stage in the Stage
Checkout Building, the engines undergo an over-
all visuai receiving inspection. Each engine is
inspected for damage, corrosion, and missing
equipment and for evidence of fluid in drain line
exits. It is verified that corrosion preventive
and aluminum-foil tape is present in specified

R TE T
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pump housing cavity filler material, Tue fuel
overboard drain system isolation polyethylene
bags are visually inspected for fluid. If {luid is
present, the bags are emptied and the quantity
of fluid is measured. Engine orifice sizes and
serialized components are checked against those
listed in the Engine Log Book. I is verified that 1}%
the humidity in the thrust charaser throwt becur‘ty
closure indicates blue. Detailed inspection re-
quirements for installed engines veceived at

MAT are in R-3896-11.

1-212. ENGINE REFURBISHMENT. i

1-213. The engine is refurbished after receiving
inspection. The engines are first cicaued of any 5
foreign matter and corrosion that may bave re-
sulted from exposure to rain, humicity, sundg, ‘
or dust. The oxidizer dome insulator is ‘n ni,d,l](,x.l
in accordance with requirements specified in
R-3896~6. The flight igniter harness iz 1
tested, and connected in accordanc.: witn re-
qulr'"nents specified in R-3896-:1. Cutstanding !
maintenance or modification, as required by i
ECPs and EFIRs, is done during the refurbish-
ment period.

1-215. Storage of installed engines is scheduled
following completion of refurbishment. The i
amount of time the stage remains in storage is
determined by the Saturn V vehicie launch i
schedule. Stage storage, in excess of six monibs, ;
requires that engine post-static checkout be per-
formed when the stage is removed from storage.
Installed engines are visually inspected for dam-
age, corrosion, and missing equipment, and for
evidence of fluid in oxidizer and nitrogen purge
overboard drain lines. If is also verified that
corrosion preventive and aluminum-foil tape i=
present in specified areas, the gimbal boot is
installed, there are no voids in the turbopump
housing cavity filler material, and that fue.

overboard drain system isolation polyethylene
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Section I
Paragraphs 1-216 to 1-223

?‘bags do not contain fluid. If fluid is present,

; % : the bags are emptied and the quantity of fluid is

i measured, The turbopump preservation status
] is checked in the Engine Log Book and the turbo-
1 pump is serviced if required; desiccants are
installed in the thrust chamber throat security
! closure and the closure is installed; and humidity
i indicators are checked for a blue indication.

! The engine-to-stage gimbal actuators are locked
f to prevent engine movement, and the stage is
i storcd in an enmronmentally controlled area. -
é The engines are inspected periodically during
E storage. Detailed inspection requirements for
i installed engines in storage are in R-3896-11.

4

SLAEX Sy

: 1 216, POST-STATIC CHECKOUT.

1 217, ‘ine post-static checkout is done after

¥ refurbisiment tasks are completed, after a

i stage is removed from storage on which a post-
¢ static cieckout had not been previously accom-
phshed, or after stage storage has exceeded

+ six months., The post-static checkout consists
of complete electrical, hydraulic, and pneu-

: matic lezk and functlonal tests of the installed
engi'nes and stage systems. The post-static

! checkout is completed with a simulated launch
tea’c that consists of stage preparations, engine
. stari, ignition, mainstage, 1liftoff, flight, and
eng,mt, cutoff in the prescrlbed sequence to

i assure r.ight readiness of the engines and stage.
POSi-b‘allu checkout includes a flight instru~

J mentaticn function test, turbopump torque test
5 and heater function Lest leak and function test

J of the bearing coolant control valve, hypergol

, maniiold, thrust OK pressure sw1tches thrust
chambor orefﬂl line, ignition monitor valve,
oxidizer dome and gas generator oxidizer injec-
tor purge system, oxidizer pump seal purge

i system, cocoon purge system, and hydraulic

: system. Leak test of the thrust chamber, heat
exchanger helium and oxidizer systems, propel-
¢ lant fuet and oxidizer systems, exhaust system,
¢y and valve timing function tests are also accom-
phsh‘,d Engine start and cutoff flow sequences
| are in figures 1-57 and 1-58. Installed engine

1 tests are conducted in accordance with require-
! ments specified in R-3896-11.
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| 1-218. INSTALLED-ENGINE INSPECTION
BEFORE STAGE SHIPMENT TO KSC,

i 1-219. The installed engine is inspected before
i shipment to KSC and the Engine Log Book is re-
% viewed after post-static checkout tasks are

4 completed. Each engine is visually inspected

1-78 Change No. 9 - 4 November 1970

R-3896-1

X,

for damage, corrosion, and missing equipment; C i
for evidence of fluid in drain line exits, fluid on ! J
the engine exterior; and for surface wetting on
the hydraulic control system exterior. Itis
verified that corrosion preventive and alunainum=-
foil tape is present in specified areas, that line
markings are correct, that the humidity indicator
in the thrust chamber throat security closure
indicates blue, and that turbopumyp housing cavity
filler material does not contain voids. The fuel
overboard drain system isolation polyuiayiene
bags are visually inspected for fluid. I fluid is
present, the bags are emptied and the quantity

of fluid is measured. The turbopump preserva-
tion status is checked in the Engine Log Book,
and the turbopump is serviced if required. A
final updating of the Engine Log Book is made
before engine shipment to KSC. -Detailed pro-
cedures for inspecting the installed before
shipment to KSC are in R-3896-11.

]
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1-220. STAGE SHIPMENT TO KSC.

1-221. After the engine pre-shipment visual
inspection is completed, the forward and aft
stage covers are installed, workstands and plat-
forms removed, and the stage pulled from the -
Stage Checkout Building to the MAY dock for \>
transport to KSC by barge. The nozzle exten- i
sions, engine loose equipment, and thermal
insulation are loaded on low-bed frailers and
transported to the MAF dock where they are
removed from the trailers and loaded on the
barge and secured for shipment. Handling re~-
quirements for nozzle extensiuns and lcose
equipment are in R-3896-9. After the nozzle
extensions, loose equipment, and theriazal insula-
tion boxes are loaded and se cured the stage is
loaded onto the barge and secured The barge

is then moved to KSC by tug.
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1-222. STAGE FLOW AT KSC. (Seefigure 1-67.)

1-223. The barge arrives at the KSC dock where
the stage, nozzle extensions, loose equipment,
and thermal insulation boxes are oif-loaded.

The stage is towed from the dock to the Veriical
Assembly Building (VAB). The nozzle extensions,
loose eguipment, and thermal insulation boxes

are loaded on low-bed trailers and {ransperted

to the VAB. The stage is removed from the

stage transporter and erected onto the Launch
Umbilical Tower (LUT) where the engine visual
receiving inspection, loose equipment installa-
tion, modification and maintenance, stage and ¢
engine leak and functional tests, and thermal \
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Section I R~3896-1
Paragraphs 1-224 to 1-233
insulation installations are accomplished. 1-228. LOOSE EQUIPMENT INSTALLATION. AN
These tasks are conducted concurrently with i\« )
the Saturn V vehicle assembly and testing, A 1-229. The engine loose equipment is installed -
{inal updating of the Engine Log Book is made " after engine receiving inspection is completed.
after engine activities during stage flow are The loose equipment consists of the nozziec exten-
complete. sion, oxidizer overboard drain line, fuel over-
: board drain line, nitrogen purge overboard
1-224. STAGE INSTALLATION ONTO LAUNCH drain line, and fuel inlet elbow-t{o-interface
UMBILICAL TOWER (LUT). boots. Dsmv Engine Handler Sling G4052 and
: overhead cranes, the nozzle extensicn is re-
1-227 . The stage is.received in the low bay of moved from Nozzle Extonsion Yandling Fixiure
the V3. The forward and aft stage covers are G4080 and fandling Adapter G4081 and ninced
removed and the stage and engines prepared on the Nozzle Extension Installer. The five
for rotation and installaticn onto the LUT. The nozzle extensions and Nozzle Extension [ustallers
Engine Service Pladorm (ESP) and the LUT are are placed on the Engine Service Platicem in
moved into the high vay. The stage, on the their respective engine positions. The zagine
transorter, is movaed {rom the transfer aisle Service Platform is then raised sron: gicund
to the erection bay wicre the stage is removed level up through the openinginthe LUT vnul the
from ... transporter and rotated to the vertical nozzle extension flanges are approxima.. iy 2
position by overhead cranes. The stage is then inches below the thrust chamber exit fi. g s.
movaid v high bay erane and erected on the LUT Final adjustiments are made and the ma.iny of
and secared with four mechanical holddowns. the extension flanges to the thrust charmcer exit
The iSSP and LUT level platforms are positioned  flanges is done with the individual Nozzle Exten~
around the engines for receiving inspection. sion Installers. After the nozzle extensiovs are
secured to the engines, the overboard drain lines
1-226. ENGINE RECEIVING INSPECTION. are attached and secured Loose equipment is
installed in accordance with requirements speci- —
1 227. After the stage. is installed onto the fied in R-3896-11. Detailed nozzle cxtension Y
LUT, nrotective closures are removed and the handling requirements are in R-3396-9. The "-\ J

engine: undergo an overdll visual receiving

en. The engines are inspected to verify
mage did not occur during shipping and
syuipment listed on shipping documenta-
- received. Each engine is inspected
comage, corrosion, and missing equipment;
~visence of fluid in drain line exits, fluid

on ths engine exterior, and for surface wetting
on the aydraulic control system exterior. Itis
verifiet that corrosion preventive and aluminum-
foil tav e is present in specified areas, the en-
pine soft goods installed life is within specified
limits, there are no voids in the turbopump
nousing cavity filler material, and that turbo-
pump and outrigger arm surfaces do not contain
scratches through paint. The fuel overboard
drain system isolation polyethylene bags are
visually inspected for fluid, If fluid is present,
the bags are emptied and the quantity of fluid is
measured. Engine orifice sizes and serialized
components are checked against those listed in
the Engine Log Book. Oxidizer and fuel high-
pressure duct covers and thrust chamber covers
are installed after visual inspection completion.

- Detailed inspection requirements for installed

engines received at KSC are in R-3896-11.

i-80 Change No. 10 - 16 July 1971

stage fins and engine shrouds are instailed in

~accordance with stage contracior requiren.ents.

1-230. MODIFICATION AND MAINTENANCE,

1-231, The engine modifications and special ‘f
inspections may be made and ma.ntenance tusks
may be performed, if required, throughout the
stage flow at KSC, Modifications and sueciat 4
inspections are made as a result ol approved i
ECP or EFIR action, and scheduicd through

joint agreement between the customer, stage
contractor, and engine contractor. The engine
maintenance is performed, if required, as a
result of discrepant hardware noted during
receiving inspection or engine leak and

furictional testing.

1-232. STAGE FUNCTIONAL TEST.

1-233. The stage functional testing is started

after stage installation onto the LUT. The

electrical, hydraulic, and pneumatic leak anc

functional tests are made in conjunction with

vehicle assembly. The stage functional test

consists of a flight instrumentation {unction test,
turbopump torque.test and heater functiorn iest,

engine sequence verification test, leak ana AN

%
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R-3896-1

; function test ¢of the bearing coolant system,

hypergol manifold, thrust CK pressure switches,
thrust chamber prefill line, ignition monitor
valve, oxidizer dome and gas generator oxidizer

't injector purge system, oxidizer pump seal purge

system, cocoon purge system, and hydraulic

) system. A leak test of the thrust chamber,

hezt exchanger helium and oxidizer systems,
propellant fuel and oxidizer systems, exhaust
system, and valve dming [unction tests is also
performed. Instalied engine tests are performed
in accordance with requirements specified in
R-3856-11.

4

1-234,

THERMAL INSULATION INSTALLATION.
i-.38. The thermal ‘nsuiation (TIS) is installed
i engine lezk and functional testing is com-
pisie. The TiS is installed to completely en-
vewop the engine and provide protection from
extreme temperatures created by plume radia-
tion and backflow during cluster engine flight.

To allow access for verifying the integrity of
engine components and systems and to prevent
possible insulator damage from fluid spillage,

& the TIS is not installed until engine testing is
. complete. ‘
{l fcr TIS installation is in R-3896-6. After the
i thermal insulation is installed and before moving
5:“} the Saturn V vehicle from the VAB, an engine

The required sequence and methods

environmental cover is installed on each S-IC
enging, from the thrust chamber throat area to
the exit end of the nozzle extension, to protect
1~ thermal insulation from inclement weather.
Tz cover is wrapped around the thrust chamber
and nozzle extension and placed so that engine
overboard drain lines are exposed through holes
provided in the cover, and access flaps, four
places, are located to provide access to drain
ports and igniters. Overlapping edges of the
cover are laced together, excess material is
gathered around the thrust chamber throat and
folds tied, and the cover drawn tight under exit
end of nozzle extension. Detailed requirements
for installation of the cover are in R-3896-11.

1-236. SATURN V VEHICLE FLOW AT KSC.
{See figure 1-68.)

1-237. While the S-IC Stage is being received
and erected in the VAB, the S-II Stage, S-IVB
Stage, and Instrumentation Unit are received
in the VAB and placed in the checkout bays
where they undergo a complete pre-erection
checkout. Upon completion of S-IC Stage erec-
tion, the Saturn V Vehicle assembly is started,

Section I
Paragraphs 1-2434 to 1-241

concurrently with S-IC Stage testing., When the
fins, fairings, engine shrouds, and aozzle exten-
sions are installed, the 3-7C Stage assembly is
complete., The Instrumeniziion Un:i. :s moved
into the high bay, placed on 2 platform near the
S-IC Stage, and an S-1C Stage-Instrwuentation
Unit-checkout is performed. Upon completion

of pre-erection checkout, e S-II Stage is moved
irom the checkout bay = the hich bav and mated
with the 5-IC Stage. Tro o -VB Siize is moved
from the checkout bay 2 auated with the S-11
Stage, and the {nstrumecudon Unit is removed
from the platiorm and swied with the S-IVB
Stage, completing the assemi.y of the Launch
Vehicle (LV). After i vifunl modules are
checked out at the Mannca spacecrait Operations
Building (MSOB), the Apol:c spaccerafl, con-
sisting of the maited lunar cxcursion, and service
and command modules, is moved inte the VAB
and mated mechanically (lunar excursion
module-adapter to forward mating flange of
instrumentation unit).

1-238, VEHICLE TESTING.

1-239. After the Apollo spacecraft and launch
vehicle are mechanically mated, spacecraft
modules are connected to their umbilicals from
the umbilical tower of the mokile launcher and
pre-power-on tests are made. When it has been
determined that all flight and ground systems
are satisfactory, full power is applied to the
spacecraft. The spacecraft is then mated elec-
trically to the launch vehicle and combined sys-
tem tests, consisting of simulated countdowns
and flights that exercise both flight and ground
systems, are made. During the final combined
system testing phase, the spacecraft and launch

" vehicle ordnance, minus pyrotechnics, are in-

stalled including the launch escape system.
When the combined system testing is complete,
the test data is reviewed, and if acceptable, the
Saturn V vehicle is ready to be moved to the
launch pad.

1-240.
PAD,

TRANSFERRING VEHICLE TO LAUNCH

1-241. The Apollo/Saturn V is transported
from the VAB to the launch pad by the crawler
transporter. The extendible platforms that en-
closed the vehicle in the VAB are retracted,
connections between the mobile launcher ter-
minals and the terminals in the high bay are
disconnected, the doors of the high bay are
opened, and the transporter brought in and
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Figure 1-68. Saturn V Vehicle Flow at KSC

Change No. 9 - 4 November 1970



R-3896-1

positioned beneath the platform section of the

launcher. Hydraulic jacks are extended from
the transporter to lift the launcher clear of its
! pedestals. Then, at a speed of approximately
{ 1 mph, the transporter carries the launcher

| and the fully assembled Apollo/Saturn V to the
i launch pad for positioning.

T

TED

q

mmryer
TR,

| 1-942. LAUNCH PREPARATIONS AND
! TESTING.

1 1.243, After 2ll electrical and pneumatic lines
: ihe Apollo/Saturn V are reconnected through
rminals at che base of the mobile launcher,
ar.d propellant lines, also connected through the
iauncher, arc verified as correct, and it has

t Y.een ascerteined that no changes have occurred
5 the vehicle since it left the VAB, tests are
«de on the corimunication links to the vehicle.
casuremen s are alsc taken on systems such
5 :he cutoif wocri unit, radio-frequency, tank
‘essurization, and launch vehicle stage propel-
. utilization system. A Flight Readiness

.3t (FRT), backup guidance system test, and
-;C fuel jacket/oxidizer dome flush and purge
performed. Hypergolic propellants are
zded in the spacecraft tanks, RP-1 fuel is
wied in the launch vehicle tanks, and Count-
own Demonstration Tests (CDDT) are per-

i formed. Liguid oxygen and liquid hydrogen are
L sonded into the launch vehicle during the last
hours of the countdown.

oy

[E SN

i-add,

SATURN V VEHICLE LAUNCH,

4 1-245. The data in this paragraph is only used

it <. describe a iypical vehicle launch and is not

i, .atended to represent actual launch data. With

:-iC stage engines and launch vehicle prepara-

. ons complete, the §-IC engines are fired, all

* qciddown arins are released, and the vehicle
sommitted for iftoff. The vehicle rises nearly

i vertically from: the launch pad, for approxi-

/ 1aately 450 feet, to clear the launch umbilical

i tower. Duriag liftoif, a yaw maneuver is

I executed to provide tower clearance in the event

I

;

i

o adverse wind conditions or deviations from

i nominal flight. After clearing the tower, a tilt
and roll maneuver is initiated to achieve the
flight attitude and proper orientation from the
selected flight azimuth. The $-IC center engine
cutoff occurs at 2 minutes 5.6 seconds after
first vehicle motion to limit the vehicle acceler-
ation to a nominal 3.98 G-load. The S-IC out-
board engines are cutoff at 2 minutes 31 seconds
after first vehicle motion. Following S-IC

SE RN AR ot
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Section 1
Paragraphs 1-242 o 1-251

engines cutoff, ullage rockets are fired to seat
S-II stage propellants, the S-IC/S-II stages
separate, and retrorockets back the S-IC stage
away from the flight vehicle. A lime interval of .
4.4 seconds elapses between S-IC engines cutoff
and the time the S-II engines reach 30 percent
operating thrust level. Following the pro-
grammed burn of S-II engines, tie S-II/S-IVB
stages separate and the S-IVB engine places the
flight vehicle in an earth parking orbit.

1-246, POST-FLIGHT DATA EVALUATION.
1-247. The post-flight data is evaluated to
determine that the S-IC siage engines operated

<

within the specified values during venicle launch. -

The engine parameters wre reviewed for abnor-
malities, sudden shifts, oscillations, or perform-
ance near the minimui: ¢r niaximum limits. The
enzine performance values are then reviewed

and compared to the predicted engine values to
determine that all engine objectives were satis-
factorily met.

1-248. UNSCHEDULED MAINTENANCE FLOW,

1-249. Unscheduled maintenance consists of
those operations required in addition to normal
engine and hardware processing, to repair dam-
age, replace discrepant components or hardware,
perform modifications and EFIRS, decontaminate,
re-preserve, repair thermal insuladon, or
rectify any unsatisfactory condition. The un-
scheduled maintenznce tasks are Jdone at a speci-
fied time and at the location designaceq, during
the normal engine flow process. The locations
where unscheduled maintenance can npe done are
Rocketdyne, MAF, MTF, or KSC; depending on
the extent of the task, urgency, capabilities of
the location, and how schedules are aifected.
The location established for complete coriponent
maintenance, repair, and testing is the CM&R
room at MAF. This facility provides corwaponent
maintenance support for MAF, MTF, anc KSC.
Limited repairs on components can be made in-
place on the engine at MAF, MTF, cr «KSC as
directed by the custome.. The necessary hard-
ware required for supporiing engiu¢ and compo-
nent repairs at field locations is stered and
maintained at MAF.

1-250. UNSCHEDULED ENGINE REPAIR AND
SERVICING.

1-251. Unscheduled engine repair ana servicing

consists of various types of repairs and servicing
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Section I R-3896~1

Paragraphs 1-252 to 1-255

# tasks that are done whenever practical to cor-

" rect any discrepancies that may exist, perform
special inspections, and to update the engine

ﬁ’ configuration. The various repairs and servic-

?‘ ing tasks may include such items as: braze and

*i weld repair thrust chamber tubes, remove and

il replace components, clean contammated areas,

f remove corrosion, touch-up of damaged surface
1 finishes, mochfmatlons EFIRs, post-

f mamtenance tests, lubrlcate, preserve, and

7 replace desmcants.

| '§ 1-252. COMPONENT REPAIR.

3 1-253. Uninstalled engine components from

| MAF, MTF, or KSC that require repair, modi-
; ncatxuax, cmalysxs or testing are processed in
the envizonmentally controlled CM&R room at
i MAT. Processing engine components in the

% CM&l: voom is required o repair a discrepant
component from an engine, periorm modifica~
tions, failure analym;., mspeumons recycle
testing, or pre-installation testing. After
processing in the CM&R room, the components
are designated to be installed on an engine,
returnedc o the engine support hardware center
as a sunre, returned to the manufacturer, or

i consicered as surplus or scrap. Detailed pro-
~ cedures for component maintenance and repair
are in R- 3856-3.

S T

P ETIRTER
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1 254. £UPPORT HARDWARE.

1-255, #Evgine harcware required for supporting
ctivifies at MAT, MTF, and KSC is main-

tamed i the Engine Support Hardware Center

I at MA. The Michoud facility is the primary

t hardware supply center, since the majority of

1 engine and component ac’av*ty takes place at

t this location. At MTF and KSC a limited inven-

‘3 tory of hardware is maintained to make sure of

. immediate availability of those items frequently

1 used &: taese locations. Whenever an urgent

1 need avises at either MTF or KSC, and the

i hardwazse required is not locally avallable, the

1 item is expedited to that location directly from

Y MAF cr Rocketdyne.

R ST D

R

L A R S R
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Section II
Paragraphs 2-1 to 2-13

SECTION II

INTERFACE DESIGN CRITERIA

v-1. SCOPE. This section contains data per-
tzining 1o engine design performance character-
istics, environmental conditions, attitude, mass
properties datz, turbopump inlet propellant
conditions, and interface connections for mating
¢ engine with the S-IC of the Saturn V vehicle.

3-2. DESIGh ¢4RFORMANCE CHARACTEK-
ISTICS,

2. Desige secformance characteristics ¢~
ribe requi emonts necessary to achieve spe-
ofic engine #r’ormance. The following ravings,

cent, and cuives are based on standard sea-
.evel static conditions, unless otherwise noted.

i-4. ROCKET ZNGINE RATINGS.

©.%. The perfermance ratings specified in
itrure 2-1 are values based on the use of fuel
-, o standard Censity of 50.45 1b/ft3 and

mer at the standard density of 71.38 Tb/ftS.
~.rer to section 1M for fuel and oxidizer
_cnsity versus temperature curves.

. ~%. NOMINAL ALTITUDE PERFORMANCE.

2~7. The norainal altitude performance curves
{figare 2-8) depict specific impulse and thrust
-f the engine as affected by variations in alti-
sades

2-8. OXIDIZER PUMP CAVITATION.

2-9, The oxidizer pump cavitation curve {fig-
are 2-4) specifies the oxidizer net-positive
cuction head requirements that must be supplied
by the vehicle.

9.10. FUEL PUMP CAVITATION.
2-11. The fuel pump cavitation curve (figure
)

2-5) specifies fuel net-positive suction head re-
quirements that must be supplied by the vehicle.

Figure 2-2 deleted.

2-12. TURBOPUMP INLET PRESSURE RE-
QUIREMENTS.

2-13. The accepiable pre-start turbopump
inlet propeliant pressures are presented in
figure 2-6.

Parameter Value
Thrust(?) 1,522,000 1b +1-1/2%

Instantanezgsls Specific  %63.7 sec min

impulse
Oxidiz r{Fuel Mixture 2.27 +2%
Ratiolb

45 psin (fuel)
85 psia (oxidizer)

Standard Propeilant
Pump Inlet Pres-
sures, total

Effective Duraticn 165 sec

(a) The engine thrust ig that force acring par-
allel to the engine centerline, mcinding gas
generator exhaust thrust, and i sorrected
to standard propellar densities, pump inlet
pressures, and sea-level atmospheric pres-
sure.

(b) The value is based on the total gas genera-
tor and thrust chamber flowrates at rated
engine thrust and mixture ratio, and ig
corrected to standard propellant densities,
inlet pressures, and sea-level atmospheric
pressure.

Figure 2-1. Rocket Engine Ratings at
Standard Sea-Level Conditions

Change No. 10 - 16 July 1971 2-1/2-2
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Section 11
Paragraphs 2-14 to 2-24

R-3896-1

f

/

=
_52 120 - 1 T
< I
| | ‘ |
= ! | e
2 100 i ;
& } ; ! ACCEPTABLE
& ; ! STARTING REGION
% 80 ¢ 1 : ;
ot . N N
x !
2 60 f .
- -
| 4 | | S
: VA . :
= *O ! ! |
= | A ’ ; |
) i (7.5, 43 3. i .
- ! 1 ; |
- 20 ; | k
- ] | | ‘
Z . | | i | B ‘ :
= 0 20 40 60 80 100 320 140 160 160
& PRE-START OXIDIZER PUMP INLET PROPELLANT PRESSURE (PSIA}
F1-11-19A TS
Figure 2-6. Acceptable Pump Inlet Propellant Pressures for Starting Engine \,ﬂ)
2-14. FZAT EXCHANGER PERFORMANCE. Parameter Value
2-15. See figure 2-7 for heat exchanger flow- Oxygen Flowrate 3.0 to 15.0 Ib/sec g
& L. )

, See figures 2-8 and 2-8 for helium
er temperatures versus flow and ac-
cumulated engine test duration curves. See
figures ?~%A through 2-5M for heat exchanger
transies. and steady-state performance charac-
teristics at constaat turbopump inlet conditions.
2-16. AYDRAULIC CONTROL SYSTEM
NOMINAIL, PLOW AND PRESSURE VALUES.

2-17. .o figure 2-1% for hydraulic flowrate
at nomir.l control svetem values.

ENVIRONMENTAYL CONDITIONS.
STORAGE AND HANDLING TEMPERA-

4-18.
2-19.
TURE.
2-L % T hs engine will not suffer detrimental
effects when exposed to an ambient temperature
range of -20° to +130° F at a relative humidity
of 95 percent during handling and transportation
operations and extended storage periods.

Pages 2-6A and 2-6B deleted.
Z-6 Change No. 9 - 4 November 1970

Helium Flowrate 0.4to 1.0 1b/sec

Figure 2-7. Heat Exchanger Flowrates

2-21. STORAGE AND HANDLING ATTITUDE.

2-22. The engine will not suffer detrimental
effects when the engine attitude is maintained at
less than 90 degrees from the normal vertical
attitude (thrust chamber down) during handling

“and transportation operations, extended staorage

periods, and those maintenance tasks outlined
in R-3896-3,

2-23. STANDBY EXPOSURE.

2-24. The engine with or without thermal in-
sulation installed, when suppiied with required
operating fluids, electrical power, and fuel
propellant anly, will not suffer detrimental ef-
fects when exposed to an ambient temperature
range of 0° to 130° F for 48 hours, except as
limited by the freezing point of the thrust cham-

P
ber prefill fluid. 1

s,
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R-3896-1
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INTRODUCTION

This manual is one of seven R-3896-series
technical manuals prepared to provide official
Rocketdyne field support documentation for the
operation and maintenance of the F-1 Rocket
Engine, Part Number 104001, Serial Numbers
F-2029 through F-2098, and its related ground
support equipment, designed and manufactured
by Rocketdyne, a division of North American
Rockwell Corporation, 6633 Canoga Avenue,
Canoga Park, California 91304. The informa-
tion in these manuals was prepared by Logistics
Publications & Training Department of
Rocketdyne.

This manual contains engineering data detailing
engine operation and engine system functions.
For stage design criteria, refer to F-1 Engine
Interface Document R-6745.

Five F-1 rocket cugines are installed on the
S-1C stage. Figure 1 shows engine positions
relative to stage positicns and fin locations.

The instructions in the manuals are used more
effectively when each manual is current and
complete (see figure 2) and the purpose and
scope of each manual is known. The manuals
that complete this series, and the nature of the
data each provides, are found in the manuals
contents and support functions chart.

PRESSURIZATION
TUNNEL

i

A FIN C

| 4
POS I —! ﬁ

101

| — POS IV

FIN A

CABLE
TUNNEL

VIEW LOOKING FORWARD
Fl-1-5

Figure 1. F-1 Rocket Engine and
S-IC Stage Positions

Change No. 9 - 4 November 1970 ix
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1. F-1 MANUALS--THEIR SUPPORT

R-3896-1

FUNCTIONS.

The contents and support function chart lists

all F-1-series technical manuals, describes
the support function each manual serves, and
lists the section titles of each manual. The
chart also explains how the technical data in
each manual relates to the support of the engine

and its ground support equipment throughout a
normal engine flow, as well as during unsched-
uled maintenance tasks. Information appearing
in one manual is not duplicated in another.

Thus, information on the description, opera-
tion, and maintenance of ground supporti equip-
ment is in R-3898-5. However, the instructions
for servicing the engine using ground support
equipment are in R-3896-3 and R-3896-11.

Manual Contents and Support Function Section and Title
§ R-3896-1 This manual contains a physical See detailed table of contents for
F-~1 Rocket Engine description of the various F-1 this manual.
Data engine systems and the individual

R-3896-3, Volume I
F-1 Rocket Engine
Maintenance and
Repair

engine system components, a de-
scription of the flow the engine
follows from the time it is accepted
by the Customer through Apollo/
Saturn V launch; data pertaining to
engine design characteristics in-
cluding environmental conditions,
attitude, mass properties data,
turbopumyp inlet propellaat con-~
ditions, and interface connections
for mating the engine with the S-iC
of the Saturn V vehicle; and nows~
inal engine performance charac-
teristics, methods for predicting
engine variable characteristics,
and other pertinent information
that can be used as an aid for ana-
lyzing and/or determining specific
engine performance. The manual
serves to familiarize the reader
with the design and operation of the
F-1 engine and serves as a training
aid document.

This manual contains general main- I
tenance practices that are peculiar

to the engine covered in this volume 1I
and to the component repair proce- III

dures contained in Volume II of this
manual; the use of engine, thrust v
chamber, and nozzle extension
ground support equipment and the
tasks necessary to prepare the
equipment for maintenance using
the applicable pieces of ground sup-
port equipment; detailed procedures
for component removal, reinstalla-
tion, or replacement; and the posi-
installation test requirements that
will verify the integrity of engine
systems affected by the removal of
individual engine components and

X Change No. 10 - 16 July 1971

General Maintenance and
Repair

Handling

Component Removal and
Installation
Post-Maintenance Test
Requirements
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Manual

Contents and Support Function

Section and Title

R-3896-3, Volume I
{(cont)

R-3896-3, Volume II
F-1 Rocket Engine
Mzintenance and
Repair

74

lines. This volume and Volume II
provide the necessary maintenance
and repair data to perform unsched-
uled maintenance tasks on an unin-
stalled engine and the required
post-maintenance tests to determine
that the engine is in an operable
condition.

This manual contains cleaning, in-
specting, repairing, and testing
procedures for the individual engine
components. This manual provides
the data to restore and/or maintain
components of the engine in an oper-
able condition for reinstallation on
the engine or assignment as a spare.

L Quick-Discounect

i1 Gas Generator

I Cag Generator Ball Valve

v Cay Generator Injector Purge
and Pump Seal Purge Check
Valve

Vv Deleted

Vi Heat Exchanger

Vi Heat Lxchanger Check Valve

rust Chamber (Installed)

Jhrest Chamber (Uninstalled)

X Thirust OK Pressure Switch

X1 Inert Prefill Check Valve

XII  Oxidizer Dome Purge Check
Valve

X111  Oxidizer Valve

XIV  Fuel Valve

XV Turbopump

XVA Turbine

XV1 Bearing Coolant Control Valve
XVil Deleted

XVIII Electrical Harness

XKIX  Hypergol Manifold

XX Ignition Monitor Valve

XX:i Checkout Valve

¥iT  ¥Engine Conirol Valve

XXII Four-Way Solenoid Valve

XXIV Thrust Chamber Nozzle
Extension

XXV Pressure Transducer

XXVI Tempaorature Transducer

XXVIL Flight Instrumentation
dJunction Boxes

XXVIII Rigid Ducts, Fiexible Lines,
and Braided Flex Hoses

XXIX Redundant Shutdown Valve

XXX Volumetric Liquid Oxygen
Transducer (Oxidizer
Flowmeter)

XXXI Gimbal Boot, Insulation
Boot, and Insulation Seal

Change No. 11 - 10 November 1971 xi
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R-3896-1

Manual Contents and Support Function Section and Title
R-3896-4 This manual contains illustrative I Introduction
F-1 Rocket Engine and columnar listings of all parts I Group Assembly Parts List
Illustrated Parts of the engine that can be disassem- o Numerical Index

Breakdown

R~.896-5, Volume I
F-1 Rocket Engine
Ground Support
Equipment Mainte-
nance and Gperation

bled, reassembled, repaired, re-
placed, or overhauled. This
manual locates and identifies the
interrelationship of parts, aids

in the requisition of replacement
parts, and indicates part usage and
interchangeability and recommended
repair or replacement for the F-1
engine and its individual components
and parts.

This manual contains safety re- I
gquirements and general maintenance
practices peculiar to the equipment
covered in this volume and to equip-

ment and T-tools covered in Vol- I

ume II of this manual and includes I

inspection requirements, physical v

description, operation, intended v

usage, operating limitations,

periodic maintenance, and parts VI

listings with maintenance-level

codes for the F-1 engine ground VII

support equipment covered in this

volume. This volume provides VI

data to restore and/or maintain X

the F-1 rocket engine ground support

equipment in an operable condition. X

‘ X1

XI1
XIIL
XV
Xv

xii Change No. 7 - 18 August 1969

Safety Requirements,
General Maintenance, and
Handling and Shipping Equip-
ment

Hydraulic Pumping Unit G2025
Hydraulic Pumping Unit G2026
Accumulator Unit G2027
Engine Checkout Console
G3142

Pneumatic Flow Monitors
G3130 and G3131

Engine Vertical Installer
G4049

Engine Rotating Sling G4050
Flight Combustion Monitor
703227

Components Test Console
G3141 and Components
Adapter Set G3143

Cryogenic Supply Unit G3146
Pneumatic Fiow Testers
G3104 and G3104MD1
High-Voliage Igniter

Tester G3153 and Inert
Igniter 9026822

Impact Recorcer Unit G4090
and 99-9014031

Components Welding Sets
9026560, 9026561, and
9026570
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Introduction

- Manual

Contents and Support P\l.nction

Section and Title

R-3896-5, Volume II

F-1 Rocket Engine
Ground Support
Equipment Mainte-

nance and Operation

. R-3896-6

F-1 Rocket Engine
Thermal Insulation
Installation and
Repair

R~3896-9
F-1 Rocket Engine
Transportation

R-3896-11

F-1 Rocket Engine
Operating '
Instructions

This manual contains insgpection
requirements, physical descrip-
tion, operation, intended usage,
operating limitations, periodic
maintenance, and parts listing
with maintenance-level codes for
the F~1 engine ground support
equipment end items thot are con-
sidered tools (ie, iest kits, sets,
and tools) and T-tools. This
volume provides data necessary
to determine that those items of
ground support equipment covered
by this volume and the F-1 field
T-tools are in an operable condi~-
tion.

This manual contains a description
of the thermal insulation panels,
special tools and equipment, in-
stallation and removal procedures,
access provisions, repair data,
and applicable packaging, storage,
and handling information. This
manual provides information per-
tinent to the maintenance and
repair of F-1 engine thermal
insulation.

This manual contains procedures

for preparing the ¥-1 rocket engine,
nozzle extension, thermal insulation,
and miscellaneous engine loose equip-
ment for shipment, and procedures
for shipping by truck, air, or water.
Included are recommended truck-,
air-, and water-transport checklists,
which may be used to make sure that
procedures and in-transit inspection
have been performed.

This manual contains complete,
authorized field operating require-
ments that affect ¥-1 flight engines '
F-2029 through F-2098 during nor-
mal operational flow from engine
receipt at MAF through vehicle
launch. Specific and general require-
ments and procedures for normal F-1
engine activities are provided and
include acceptability criteria and
limits, special constraints, safety
precautions, and correct sequences
required to satisfactorily accomplish
the activities

I Test Kits, Sets, and Tools
i1 T-Tools
I Dummy Weight T-Tools

1 Description

I Special Tools and Equipment

I Installation and Removal
(Engines F-2003 Through
¥-2016,

v Installation and Removal
{Engines £-2017 and
Subsequent;

\% Access Provisions

VI Repair

VII  Storage and Handling

1 Frepavaiion for Snipping

11 Shippirg by Truck Transport

I Shipping by Air Transport

v Shipping by Water Transport

Operaiing fequirements
General Requirements
Operating Procedures

Pt P ek

pd b
-

Change No, 12 - 12 May 1972 xiii
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USE YOUR MANUAL ONLY IF CURRENT
AND COMPLETE

Manuals that are not current and complete
are not authoritative documents and are not
to beused. Thefollowingoutlines the method
for determining whether your manual is cur-
rent and complete.

A. DETERMINING CURRENCY. To hesure
that yours is the latest issue of the manual,
refer to Configuration Identification & Status
Report , which is revised monthly and listz
the techmcm manudd numbers, titles, ana.-
corporated supoaements, and iatest change
or revision dawes.  Your manual must have
a title pace with the same or later date than
the date shown i tihe Conliguration Identifi-
cation & Status ccport. Your manual must
also include ths  nincorporaccd supplements
listed i tize Coasiguration identification &
Status Report, oo if your manual is later than
shown in the report, the unincorporated sup-
piements listed in the Manual Data Supple-
ment Record in your manual. If your title
page ncerporates two dates as illustrated be-
low, compare the chauge {iower ) aate. i your
manual is not current, obtain a current copy
through your technicai manual supply system.

B. TTERMINING COMPLETENESS. To
te sare that your manual is complete, make

e-by-~page comparison of its pages to
o listed in che List of Effective Pages.
Tre List of Effective Pages, which shows the
change status since the basic issue or last
1¢-‘zion, is found on the alphabetically let-
tered page(s) immediately following the title

pac All pages, except supplements, are

listed with their iszue dates. Manual pages
thatare dated musthave the same date asthat
appearing in the List of Effective Pages for
that page. Unchanged pages are listed as
"original" and are not dated.

HOW TO KEEP YOUR MANUAL
UP-TO-DATE

Ag GOSign CHARZes daiv
gine and ground support g
metheds of maintenance are ¢ Ln ovrared, ,ruu
manueal is periodicaily ¢! v1;~; . or
supplemented. The i aelp
You Xeep your manus:

*pK and betier

A. CHANGES. Upaui g 1 L0 oa par-
tially replacing existize b defined as
a ~sange. Changes cua identified by the
change notice on the new wdle . L &.

‘ % LATESY CHANGED PAGES Sub 23EDL

_ﬁw---~umw«,, ——

To coliate a change, refertovic 2
tions sheetissued withthe manu.l |
as follows.

1. Remove the pages isiet i 1

column of the Filing Lioorswctions sheet
frors the manual and desteov thew . Do
wol concern yourself w: L7 tre aate or the

opposite side of the deleted page =it
i this date is not deleted, it s re;
in the change package.

2, insert all pages iistea .. the
column of the f 1:g Instructions shee
n sequence., Sz with
ire insertedin wiphat.et

g

"Remove"

"';zl,st--:a‘t"

a suffix ;‘,tfm
fical order fosiow-
-the page withthe sarns basic number;

IS L3S D LHE SAME PAGT> OF PRIV f DA i

Rl s ,‘

qm\ct revttian Goens vomaratea b 3

:

: i

o i Y
" { ¢

o g ST S J&\"wa - ;

ice,
taced

for example, pages 3-144, 3-145, etc,

foilow page 3-

GEN-NasA-~1A

Figure 2.
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'3. I you are unsure of the status of any
page or pages, refer tothe List of Effec-
tive Pages and make sure your manual
contains pages (with the corresponding
change dates)listed in the List of Effec-
tive Pages.

4. Remove manual supplements thai have
been incorporated.

NOTE

Incorporated supplements can be
determined by reviewing the newly
issued Manual Data Supplement
Record.

B. REVISIONS. Updating by replacing all
the existing pages of a manual is defined as
a revision. Revisions canbeidentified by (he
replacement notice on the new title page.

THIS PUBLICATION REPLACES TECINICAL -
\m\UAL R-XXXX-X DATED 1 AVRIL 1969

N——

To collate & revision, proceed as follows:

1. Removeand destroy all existing pages of
your manual except Manual Data Supple-
ments that have not been incorporated.

NOTE
Unincorporated supplements canbe
identified by reviewing the Manual
Datz Supplement Record supplied

in the revision.

«. Insert the new pages in your cover.

C. SUPPLEMENTS. Updating that auinos-
izes the addition to, or alieration of, the ¢x-
isting data in your manual is defined s a
Manual Data Supplement. Informaticionhow
toinsert supplements is found in tho suppic-
ments.

HOW TC KEEP ABREAST OF THE LATEST
CHANGES TO TECHNICAL waTa

Changes and/or wioiiione to technicail duiu
are identified by a ver.uoal bar change bar}
in the margin of the puge adjacent o the
changed data. A direct comparison between
the new (identified by the change bar)and the
old data wil! help vou in identifying specific
changes made.

GEN-NASA-

2

Figure 2.

How to Maintain Your Manual (Sheet 2 of 2)
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2. CONFIGURATION IDENTIFICATION,

EQUIPMINT CONFIGURATION. The MD
identification symbol and the equipment model
designation indicate the configuration of the
equipmeni aild distinguish it from models in-
corporating different changes and from basic
models. A basic, unchanged configuration of
the equipment has no MD identification symbol.
MD identification sumbols are added as changes
affecting configuration are incorporated into
the equipment. The MD identification symbol
is stariped on “he MD plate, which is mounted
near the engine nameplate.

MD IDENTIFICATION SYMBOLS. On MD iden-
tification plate RD171-1022-0001, the identifica-
tion symbol is a composite number representing

all the changes affecc: ng configuration (MD
changa:s, incor:.orated or not incorporated inio
the ¢ iylublll.. The symbol represents a con-
secutively nurmnered series of MD changes.
Any 1D change, or series of MD changes, not
*“col; orated i represented by an "X, i Multi-
digit wai cers are aneorlined. Two figures to-
gether represent the idmics of a series of incor-
porated MD changes. Figure 3 illustrates how
MD changes incorporated in the engine are
represented by the MD identification symbol.

:wtification plates RD171-1052-0001 through
3 rove preprinted numbers from 1 through
. -0001 plate, 101 through 200 on the
Stle, ete. M ~difications that are incorpo-
.27 the eguipment are represented by the
' I;iroduction) or X (kit) stamped in the
© urectly to the right of the applicable
¢, Omission of & P or K, indicates that
the & i cnange is not mcorporated APorX
i 21T »—/r“arl\ed through the letter &, 1%
icaizz a MD change deleted in its entu*ety by
a%a Joratlon of a later MD change. Figure
.e¢s how MD changes incorporated into
~ment are revresented by the MD
uiion symbox.

AL XEFERE:CE, A reference that ap-
v the "ma'ma' may refer to a series of
Lo oor to an inaividual MD change; for
3IDS" refers o MD1 through MDS
- change” refers to the individual MD

! Thig latter type of reference, which
is iliest ztzd in figure 3, identifies separate
sets o) in‘ormation .rt‘equired by differences in
configw.wticn. When an MD reference appears
in this manual, examine the MD identification
»ymbol on the equipment to defermine which
set of "rirrmation is appiicable.

3. JCMIGURATION CHANGES--MANUAL
cFFECTIVITY.

All a,.proved ECPs (Engineering Change Pro-
posals) and associated MD numbers applicable

Xvi Change No. 1z - 12 May 1972

R-3896-1

to the equipment covered in this manual are
listed in figure 4. The date in the las{ column
is the publication date of the manual during
which the change made by the ECP was ncorpo-
rated. When N/A is entered, the ECP does not

-change the data in the manual. Engine counligu-

ration information is in R-5857, Saturn I-
Configuration Identification & Status iter ot
Engine serial numbers within this munau: are

in accordance with Roc: otayne P—L & ang aesig-
natics. For F-1 engire serial aww o allocation,
refer 1o the cross-reference inden .a £-58357,

YMDl THROUGH MDY INCORPORAVED

MD10 NOT INCORPORATED

—— MDi11 AND MDI2 INCORFO A TED
\ MP13 NOT INCORPORATE
K = MD14, MD}5, AND MD]3
u\COx{PuRA.« &D
—— MD17 NOT INCORPORATED

\\

e~ MD18 INCORPORATED

{ G
UL l

RD171-1022-5008 PLATE

MD1 INCORPORATED
; IN PRODUCTION

e
48
5
3
8
g
3
E
[

/'/
/

ry MO 1
BRERRENCERE
sk ks ] g
2if |22 |23] |23
3] 132] [33] |32 :
; 4. la2! |43 1 1aa; {45! (<6l
i 5ij (52| [53] Isaf |35, |58 ;
51| 62| |63 |64l |65 16&] |
0] J72{ [73] 174l [751 76
gi| |82 |83 |8a] [35] |86 :
9 ig92] |93] [ea] [95] |96 ’
b T
RD171-1052-0001 PLATE
Gl . S’

Figure 3. MD System
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Approved

Incorporated in Approved Incorporated in
EC# No. MD No. Manual Dated ZCP No. M No. Manual Dated
7i1-38 37 17 May 1965 Fi-174 21 N/A
¥1-38R1 - N/A F1-174R1 - N/A
¥i-39 11 8 June 1964 F1-176 22 N/A
Fi-40 - N/A (superseded F1-180 34 27 October 1964
by F1-254) F1-182 7 N,A
Fi-42 7 8 June 1964 F1-185 32 11 May 1564
Fi-45 7 8 June 1964 F1-185R1 - N/A
T-56 7 8 June 1964 F1-188 7 27 Octoper 1964
RFCHY N -8 June 1964 w1-188R1 - N/A
F1-59 7 8 June 1964 Fi-189 7 o7 Ocetober 1964
¥ 1-60 16 N/A Fi-181 7 2% QOctober 1964
=62 7 8 June 1964 F1-182 46 28 September 1965
B i-64 7 N/A F1-182R1 = N/A
r1-65 7 8 June 1964 Fi-02R2 - N/A
r1-67 10 8 June 1964 Ti-183 7 2% QOctober 1964
£i-69 T 8 June 1964 71-193R1 - N/A
Pi-T1 9 8 June 1964 Fi-194 7 727 October 1964
ri-74 7 8 June 1964 ¥1-195 7 27 Qctober 1964
»3-1786 24 2T October 1964 F1-196 20 N/A
¥1-T6R1 - N/A F1-197 20 27 October 1964
F1-78 7 6 June 1964 ¥1-198 26 N/A
F1-80 7 8 June 1964 F1-198R1 - N/A
Fi-82 18 8 June 1964 F1-202 7 27 Ccetober 1964
Fi-85 T 8 June 1964 ¥1-206 22,66 27 Octoper 1964
*1-86 7 8 June 1964 F1-206R1 = N/A
S1-50 7 8 June 1964 F1-206R2 - N/A
=01 7 N/A F1-208 35 27 October 1964
£i1.85 7 8 June 1964 Fi-214 57 28 September 1965
£1-97 7 8 June 1964 F1-214R1 ey N/A
F1-98 20 N/A (superseded F1-215 .16 8 August 1966
”‘" by F1-197) ¥1-215R1 PRy N/A
W1-99 14 8 June 1964 Fi-215R2 - N/A
F1-100 T 8 June 1964 Fi-216 31 N/A
F1-101 3 8 June 1964 Fi-216R1 - N/A
#1-106 7 - 8 June 1964 ®1-21% 7 N/A
£:-108 7 8 June 1964 F1-226 35 N/A
T 124 7 8 June 1964 ®1-228 36 A7 Qctober 1964
wia29 8 N/A F1-229 27 Qciober 1964
- N/A 71-229R1 - N/A
7 N/A F1-233 38 28 September 1964
7 8 June 1964 ¥1-235 51 N/A
7 8 June 1964 ¥i-236 T s Cetober 1964
i1 8 June 1964 Fi-241 7 51 Coober 1564
== N/A Fi-242 39 37 Getober 1984
1 8 June 1964 ¥i-244 7 27 Geoher 1964
7 8 June 1964 1-251 7 27 October 1864
i1 27 October 1964 ¥1-253 4c N/A
T N/A F1-254 i 27 Oetoher 1964
7 8 June 1964 F1-255 42,43 N/A
13 8 June 1964 F1-258 23 27 Getoper 1964
g 8 June 1964 F1-258R1 - N/A
7 8 June 1964 F1-258R2 - N/A
7 8 June 1964 Fi-260 54 N/A

Figure 4. Configuration Changes--Manual Effectivity (Sheet 1 of 4)

Change No. 7 -~ 18 August 1969 xvii
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Approved Incorporated in Approved Incorporated in
ECP No. Manual Dated ECP No. MD No. Manual Dated O
F1-260R1 N/A F1-313 - 69 22 3eptember 1965 g
F1-260R2 N/A F1-313R1 - Ns '
¥i1-261 17 May 1865 F1-314 31 28 September 1885
F1-262 N/A F1-315 70,83 28 September 1965
F1-263 N/A F1-315R1 T N/A
F1-267 17 May 1965 - F1-315R2 -- N/2.
‘F1-268 17 May 1965 ¥1-316 31 8 August 1506
F1-268R1 N/A Fi-317 71 8 August 1986
- F1-269 17 May 1965 F1-319 3T N o
' F1-270 28 September 1965 F1-320 75 8 August .56
F1-270R1 N/A F1-320R1 . N &
F1-270R2 N/A F1-321 32 28 Septen:ber 1965
F1-274 N/A F1-323 85,86 N/A
F1-276 N/A F1-323R1 -~ N
F1-2717 N/A F1-323R2 -- N/A
F1-278 N/A F1-323R3 Ny
F1-27¢ N/A F1-324 72 28 sepienuer 1965
F1-276531 N/A F1-324R1 - N, A
F1-90° 12 January 1966 F1-326 80,55 N/A
F1-2:0 14 October 1966 F1-328 76 we ootempes 1965
F1-280 .2 N/A F1-328R1 - N/a
F1-26232 N/A F1-33¢ 31 ¢ August 196€
Fi-25% 28 September 1565 F1-332 37 N A
F1-28511 N/A F1-333 54 & August 19606
F1-287 14 October 1966 F1-335 31 31 March 1967 oo
Fi-2& 14 October 1966 F1-342 3C N . P
U N/A F1-343 90,31 §1 Mavch 1987 U
Fi-2 0 . N/A Fi-3:7 R 21 March 1967
F1-280.32 N/A F1-852 31 12 January 1966
Fl-242 17 May 1965 F1-352R1 - NS A
Fi-%:0 4 N/A F1-353 82 N,
Fl-2v 32 N/A Fi-356 88,93 28 Septemoer 1965
F1-200 8 August 1966 Fi-357 89 8 Ausust 388
F1-30031 - N/A F1-358 31 8 Ausust 1966
F1-304 N/A F1-360 89 8 August 1866
F1-304% N/A F1-361 92 N/A
Fi-3% 28 September 1965 F1-352 4 31 March 1967
Fi1-335®1 N/A F1-389 G4 8 August 1566
YRR N/A F1-370 106 N/A
_ N/A F1-370R1 T N/A
5 N/A F1-370R2 N/..
N/A F1-370R3 N/A
o N/A F1-3T0R4 N/A
Fie N/A F1-371 7 April 1966
F1-3t 8 August 1966 F1-372 31 March 1967
i-31% 8 August 1966 F1-372R1 N/A
Fi-3% 28 September 1965 F1-372R2 N/&
Fil-5:R1 N/A F1-378 N/A
Fi1-312 12 January 1966 F1-378R1 N/A
Fi-. "8l N/A F1-378R2 N/A
Fi-. 32 N/A F1-378R3 N/A
Fi-31%.:3 N/A F1-379 12 January 1966
Fi-312R4 N/A F1-379R1 N/A

xviii Change No. 9 - 4 November 1970

Figure 4. Configuration Changes--Manual Effectivity (Sheet 2 of 4)
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Apneoved Incorporated in Approved
. E{ P No. MD No. Manual Dated CP No. (N
F1-279R2 -- N/A 1-438
© 580 59 7 April 1966 F1-437 :
Fi-381 31 N/A F1-437R1 .
Fi-391 102,103 7 April 1966 F1-437TR2 a-
F1-391R1 -— N/A F1-437R3 -
#1-392 137 31 March 1967 F1-438 13
71-392R1 = N/A F1-43¢ 1a
L 892R2 . N/A F1-436G171 .
R4 15} 128 31 March 1967 Flea i
. -205R1 - N/A Fl-44irl -
- 405R2 - N/A Fi1-441R2 -
o406 - 31 March 1987 F1-441R3
407 i09 31 March 1967 1-443 T
© +07R1 = N/A F1-444 158
108 104 7 Anril 1966 Pl-444R1
-+08R1 - 7 April 1966 Fi-444R2 -
409 105 7 April 1966 F1-445 2
410 128 31 March 1967 F1-445R1 .
+10R1 == N/A F1-4a7 138
Voaslh 107 8 August 1966 F1-447RS =
416 120 31 March 1967 F1-44TR2 -
© ~416R1 - N/A F1-44¢ 149
1417 - N/A F1-448R!: -
F1-418 - 31 March 1967 F1-448R2
F1-218R1 - N/A F1-449 127
Di-419 - 31 March 1687 F1-449R1 -
¥ 419R1 - N/A 172
¥ -420 - 31 March 1967 F1-452R3
21-420R1 - N/A F1-453
¥1-421 - N/A F1-454
- N/A F1-454R: -
— N/A F1-454R2
113,114 8 August 1966 F1-456 144
- N/A T1-456R1 L
119 N/A F1-457 135
- N/A 71-458 13C
110 8 August 1966 F1-464 -
- N/A Fi-467 -
117 8 August 1966 F1-46TR1 -
s N/A F1-468 128
111 31 March 1967 ¥1-470 140
<= N/A ¥1-470R1 "‘“
: .- N/A F1-470R2 -
L 1.428 87 N/A F1-471 -
#.-428R1 - N/A 71-475 -
Fi-430 112 8 August 1966 F1-475R1 -
¥:-431 137 31 March 1967 F1-475R2 -
F1-431R1 T N/A F1-476 135
F1-431R2 -- N/A F1-476R1 o
71-432 125 31 March 1967 F1-478 137
Fi-432R1 - N/A F1-478R1 —
F1-432R2 - N/A F1-478R2 --
F1-434 121 31 March 1967 F1-480 132
Fi-434R1 - N/A "_

ntroduetion
csesrated in
L [N
PRY [N SRR O Y

3 August

14 Coreli-s

\\ “
A
310, iou”
W0a SO0
. \
A
o L s 1067
NA
NG )
AR
N/A

4 Ceiober 1966

10 August 1967
N/A
N/A

8 Auv sust 1966
N/A
N/A
N/A
N/A

10 August 1967
NSA
NTA

31 Marel 1967
N /A

31 Marcen 1967

.:A..

31 March 1967
N/A
N/A

§ Augusl 1966
N/A
\\‘_' /,_ﬁx

31 Ma: o 1967

14 Ocioher 1966
NSA
N/A

31 Marcs 1967

10 August 1967
NJA
N/A
NJA
N/A
N/A
N/A

31 March 1967
N/A
N/A
N/A
N/A

31 March 1967

Figure 4. Configuration Changes--Manual Effectivity (Sheet 3 of 4)
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Introduction

R-38596-1

Approved

Incorporated in

- Appruved

ECP No. MD No. Manual Dated ECP o, MD No. all

F1-480k1 -~ N/A F1-535 - N/A

F1-482 133,134,142 31 March 1967 F1-543 165 13 March 1868

F1-482R1 142 = 10 August 1967 F1-343R1 -- N/

F1-495 144 10 August 1967 S 154 11 Mareh

F1-495R1 e N/A F 169 N

F1-496 145 10 August 1967 Fi 160 13 Tprua.y 1800

F1-49811 T N/A P -

;(—“1"/ i , - N/A ) R }; i

Fl-tut 137 10 August 1967 o Fi-Fila -~ S

Fi-40%.0i - N/A L Fi-i52Ru - N

F1-509 150,151 10 August 1967 | Fi-37%9 -- ob o lde

Fi-500R1 T N/A | Fi1-380C -- N4

1502 148 N/A - Fi-381 167, 186 i ouy 19

F1-504 1471 31 March 19687 #1-581R1 N/

F1-504:1 147 10 August 1967 . F1-381R2 -- NA

FI-000 161 N/A ' FI-38iR3 -~ N

Fi-50501 -~ N/A i F1-581R4 -- N

P1 505R2 VA L I1-886 -~ N

Fi-506 15y 13 February 1968 | F1-587 - N7

F1-507 e N/A © F1-590 17€ 15 Augus 268

F1-509 N/A F1-590R1 - N5

F1-530 i 10 August 1967 . Fi-590R2 -- N/

1500 . N/A | Fi-590R3 -

Fi-3 L2 10 August 1967 F1-590R4 -

Fi-o 1 o N/A { F1-5¢1 }_’zg

i i 10 August 1967 ¢ F1-89% 173

FoL N/A  Fl-852R1 =

F1-5. 147 4 July 1968 P Fi-594 -

-5 o N/A . F1-5G4R1 -

F1-5 1 13 February 1968 | F1-596 i

Fil-o. - N/A ! F1-E536R1 =

Fi-57 12 i 11 March 1968 | F1-597 v

Fi-52" 33 N/A i F1-601 ==

Pi-52%04 18 N/A F1-602 178

F1-53% . N/A F1-604 180 . Nouvember 1870

.58 . 13 February 1968 F1-607 181 4 Novermber 1970

F1-524 .- 13 February 1968 F1-307R1 -~ N/&

F1-527 157,15 13 February 1968 - F1-607R2 -- N/&

Fi-52%:0 B N/A F1-607R3 - N/A

F1-52¢ 56 14 July 1968 F1-612 184,185 4 Novemies 1970

F1-590131 7 N/A F1-612R1 e N/A

Fi-Fu 162, 185 13 February 1968 F1-812R2 - N/ 4.

B R L N/A F1-613 186,187 4 Novembper 1970

Fi-5:0R2 - N/A F1-617 -~ N/A

F1-530R3 - N/A - F1-618 188,189,190 N/A
F1-618R1 = N/A

Figure 4. Configuration Changes~--Manual Effectivity (Sheet 4 of 4)

XX Change No. 12 - 12 May 1972
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R-3896-1

Section |
Paragraghs 1-1 to 1-8

SECTION I

DESCRIPTION AND OPERATION

1~-1, SCOPE, This section contains a general
description of the F-1 propulsion system and a
detailed description of each subsystem and com-
yonent. Enging r*w’ratwn {from the preparation
mase throug.r and wcluding the englne
whase is defined. .Also included, are external
mputs necessary Jor cagine opera*ion, tvpical
engine operatm" Purksaelers, and a description
~f the flow ¢ . f :lows Irom the time it is
sccepted by e er through Apollo/
Saturn V laurnch,

-2, F-1 RCOC.LT SnGINE,

bl

*-3. The F-L neopulsion system was developed
<O provide t.. duwer for the booster ilignt phase
of the Saturn V vehicle. Five engines are
clustered in the S-IC stage of the Saturn V to
obtain the necessary 7,610,000 pounds thrust.

1-4, The engine features a two-piece thrust
chamber that is tubular-walled and regenera-
tively cooled to tue i0:1 expansion ratio plane,
zad double-walled and turbine gas cooled to the
16:1 expansion ratio plane; a thrust chamber
mounted turbopump that has two centrifugal
numps spline-connected on a single shaft driven

by a two-stage, direct-driven turbine; one-piece
rigid propellomt ducts that are used in pairs to
direct the fue! and oxidizer to the thrust cham-
ber; and a hypergolic fluid cartridge that is used
for thrust chamber ignition,

1-5. The engine is within an envelope of approxi-
mately 12.5 feet in diameter and 19,2 feet long
and weighs approximately 18,600 pounds dry.
Refer to section II for specific dimensions and
weight, Thrust vector changes are achieved by
gimbaling the entire engine. The gimbal block

is located on the thrust chamber dome, and
actuator attach points are provided by two out-
riggers on the thrust chamber body.

1-6. Component locations on the engine in the
horizontal position are basically referenced to
No. 1 (left) (figure 1-1) or No. 2 (right) (figure
1-2) sides of the engine as viewed from the exit
end of the thrust chamber with the turbopump at

12 o' clock (top) and the hypergol manifold

assembly at 6 o' clock (bottom). Component
locations on the engine in the vertical position
are referenced to the principal component on
the four sides of the engine (eg, gas generator
side (No. 1), engine control valve side (No. 2),

‘duces the energy to darive

turbopump side, and hypergol n..aifola siae). A
view of the forward end of I 2..ine is shown in
figure 1-3.

v oaL U0 OTION.

=3 he o=t ocging ol siart, fixed-
Jihl‘\;al‘; liguic ot ane  calbrated to
¢ =lop a sen-lev ik ~ast or 1.52%2,000
pounds v ih o oec T Lse iy o1 265,03
seconds. fnzin TLoare .. .0 oxvren
and propellan . SRS caba nadre ratio
of 2.27:1. Tii. oo3nlln o LirOse oo 1s used
as the working .. . sumisal wcwuators and
for the tvaine oo S and s also used

wcoricent, The -1
1 operational systems:

as the v
engine is comprisec

OPtica .

(1) A propeliant ieed system, which sup-~
plies pressurized propellants for combustion and
hydraulic pressure for the sngine control system,

(2) An ignition sysi

combustion in the gas ~one
chamber,

- whick initiates
~ator and the thrust

(3 A 84S eneram, R ratem,. which pro-
=)
the turnoyump and

condition propellant tank pressurints,

{4; An engine contral “vstern, which regu-
lates the start, sperating level, and shutdown of
the engine.

(5) A ilight instrumentaiion system, which
measures selected engine pacameters for moni-
toring and evaluating the operational characteris-
tics of the engine.

(6) An environmental conditioning system,
which protects the engine {rom extreme tempera-
ture environment caused by plume radiation and
backflow during flight.

(7) A purge and drain system, which in-
hibits contamination and facilitates the overboard
disposition of expended fluids. Detailed infor-
mation of the engine sysfem and its components
is in the following paragraphs. An engine fluid
schematic (figure 1-4), engine leading particulars
(figure 1-5), and an engine performance sche-
matic (figure 1-5A) are included to support the
text, Detailed information on engine operation
is presented in paragraphs 1-121 through 1-133,

Change No. 10 - 16 July 1971 1-1
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:' Section I R-3896-1
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Section I

R-3896-1

Thrust level {sea level)
Specific impulse (sea level)
. Total propellant flowrate

Fuel

Mixture ratio

Expansion ratio

Thrust chamber pressure

Thrust chamber
temperature

Thrust chamber exit
pressure (16:1;

Fuel pursp discharge
pressure

Oxidi~cr pump dischiage
presgire

Gas genuraior flowrate
(incluged in total)
Fue’
Oxicizer

1,522,000 1b
265,83 sec

5,737 lb/sec
(40,670 gpm)

1,756 1b/sec
(15,632 gpm)

3,981 Ib/sec
(25,038 gpm)

2.27:1
16:1

1,125 psia
5,970° F
9.6 psia
1,870 psia

1,602 psia

167 1o/sec

118 1b/sec
49 1b/sec

Gas generator mixture
ratic

Gas generator combustor
pressure

Gas generator temperature

Turbine speed
Time from turbopump
initiation to rated speed
Time from cutoff
10 Zero rpm

Turbine brake horsepower

Nozzle extension cgolant
gus temperature

Hydraulic recirculation
flowrate

Engine dry weight
(average)

0.416:1

980 psi:
1,453° F

5,492 1pm
5.2 sec

3.5 sec
53,146 np
1,138°F

11,6 1.3 gpm

at 1,500 psig
18,619 b

Fivure 1-5. Engine Leading Particulars (Engines Incorporating MP128 or MD174 Change)

1-8 Change No, 10 - 16 July 1971
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Section I R-3896-1

Paragraphs 1-9 to 1-13

2 1-9., PROPELIANT FEED SYSTEM
DESCRIPTION,

1-1u, The propellant feed system transfers
oxidizer and fuel, under pressure, from the
propellant tanks to the thrust chamber and

gas generator. The system consists of the
following major components: A thrust chamber,
a turbopump, two oxidizer valves, two fuel
valves Two high-pre<sure oxidizer ducts,

W hiig:.~ sessure fuel ducts, and two fuel

inlei «.b w8,

1-11. WUST CHaldbBell  20EMBLY
DESC.. . TION,

-4 Lrust ¢, mner assembly (figure
Lo o Lnglae s ;i within which the engine
tevelosed v o 7 wiich this thrust is
: Codooac the - sip . sware oI the booster
olaz: & -osl Stelic. .2 usest 1s developed
throu & Lrocess oo hurning sropellants in

the coitsustion chime 20 and accelerating, to
supe~e. o velocity, e zaseous products of
thig .. .rastion througi an expansica nozzle,
Ths oo is transmilicd through a gimbal
beari s .4 two gimbal getasior outrigger
asserb: 8.

1-13 coarust chowber assermbply consists

of a v - ' -re thrust “Lsmser, an injector, an
oxid.ze 7.2 and y.aniooud, and a gimbal
assert’  The gimba'® arszmbly attaches to
the ox_.. .. . dome by 21zt bolis. The oxidizer

dorn:. .- solted to the injactor by 16 inner-dome
suppeyr ™ Ats, and boun the oxidizer dome and
injecis.  _-e bolted to the thrus: chamber body
by 64 - ~:r-dome attach beolts. The dome, in-
jector., »d thrust chamnber boay are indexed to
each othizy by one diawmond-shaved and one
sound, noninterchangeabis index pin, spaced
1860 decrezs apart at the interface flanges below
the o uxidizer dorae inlets. The mating

flang { zhe dome and injector are sealed by
aTe iled Flexitallic gasket. The mating

il the injector and thrust chamber body
are saled at the ou'er diameter by a Viton-A
O-ring zad at the lnnsr diameter by a hollow
ncorael-A O-ring. The Inconel-X O-ring in-
corporates drilled holes in its outer diameter
to permit injector manifold fuel pressure to
enter the nollow section to increase its sealing
capaiiicy. Thrust chamber leading particulars
are presented in figure 1-7. Thrust chamber
and nozzle extension are illustrated in

figure i-8.

1-3B Chaage No, 10 - 16 July 1971
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|79
¢}

ction 1

! MANIFOLD
!
i
N TURBINE
; EXHAUST
I MANIFOLD
' DRAIN
" ADAPTERS (4)
i
é
{ Fi-1-42
i
i

INNER DOME
ATTACH BOLTS

OUTER DOME
ATTACH EGLTS

NO. 1 GXILI2ER
INLET

SEAL-

INCONEL-X
O-RIji] =

INDEX PINS (2}

PREFILL CHECK
VALVE

NO. 1 FUEL
INLET

SIMBAL
OUTRIGGERE (2)

FUEL RETURN

GIMEAL
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NO. 2 OXIDIZER
INLET

OXIDIZER
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e FUEL INLET
MANIFOLD
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DUTRIGGERS (2)
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Figure 1-6.

Thrust Chamber Assembly
Change No.

7 - & August 1969
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 Thrust level (sea level)

Section [
Paragraphs 1-14 to 1-16

R-3896-1

1
Mixture rzio 2

Propellant flowrates
Oxidizer 3,933 1b/sec
Fuel 1,636 1Ib/sec

Injector end pressure
Fuel injector manifold
pressure

1,125 psia
1,222 psia

Exit pressure (16:1) 9.6 psia
Combustion grea 5,970° F
temperature
Nozzle exterzior coolant 1,138°F
7as temperature
Fucl inlet manifold 1,466 psia
pressure
Injector pressure drops
Oxidizer 309 psia
Fuel 97 psia

Oxidizer dome pressure
drop
Fuel jacket pressure drop

Valves pressure drops
Oxidizer
Fuel

Expansion ratios
Thrust chamber
Thrust chamber

and nozzle extension

Fuel jacket prefill
Solution
Capacity

57 psia ;‘”M“}\

244 psia

G1 psia
210 psia

=
Oy
(I

bithylene glycol
103-105 gal.

" 1-1s. [4KUST CHAMBER £0DY DESCRIP-

TION. e thrust chamber body contains a
combusiic. chamber for the burning of the pro-
pella: and a nozzle of the required 10:1 ex-

recio for expelling gases produced by
the bussac propellants at the supersonic velocity
necessar. *o produce the desired thrust.

1-15. “The thrust chamber body is a furnace-
brazed, tubular-walled, regeneratively fuel-
cooled, neil-shaped chamber incorporating two
outrizger zrms to support the turbopump and
two cutriso ey arms to which the gimbal actua-
tors attaca. A fuel inlet manifold and a turbine
exhazust mantfold are welded to opposite ends of
the chamser. One hundred seventy-eight pri-
mary tub2:  hydraulically formed from 1-3/32
inch outside diameter Inconel-X tubing, make
up the chamber body above the 3:1 expansion
ratio plans (approximately 30 inches below the
throat centerline plane). Three hundred fifty-
six one-inch-outside~diameter secondary tubes
of the saue material form the chamber from
the 3:1 to the 10:1 expansion ratio plane. A
raised weld bead wiith the tube number and a

" directional flow arrow, icdentify fuel-up tube

No. 1 and fuel-down: tubes No. 60and 120 on the
chamber internal faces of the injector end ring

1-8 Change No. 10 - 16 July 1971

and fuel return manifold. External to the cham-
bher the same tubes are similarly identified on
reinforcing bands and straps below the thrust

chamber throat.

! Figure 1-7, Thrust Chamber Leading Particulars (Engines Incorporating MD128 or MD174 Change)

1-16. Two secondary tubes are bruzed tc zach
primary tube at the 3:1 expansion ratio arca
plane. Every other primary tube is a fuel-down
tube and is slotted on its outboara side at the
fuel inlet manifold area into which fu2l from the
inlet manifold is directed. An orificed plug is
brazed into the tube above the slot t¢ permit 30
percent of the fuel to go directly o the fuel in-
jector manifold. The remaining 70 perceat of
the fuel is used for regeneratively cooling the -

-thrust chamber and is directed dcwn the tube to

the fuel return manifold at the end of the cham-
ber. From the fuel return manifold, the fuel

is directed by the adjacent fuel return tubes to
the fuel injector manifold. The return manifold
is welded to the bottom of the thrust chamber
secondary tupes and incorporates {our drain
ports, .ocated 90 degrees apart, « drain re-
sidual fiuids, Forty lugs are we aed to the
inside wall of the return manifo... for attaching
the turbine exhaust leak-test fixcure.
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Secvion 1
Paragraphs -17 to 5-19
i

welded to the
ineorporates
for mounting
A threc-soection flzmge

; JL\)ACA.
LLper end ol the chzm)her wody,
O taoges 180 degrees apa wrt,
Lha mam fue valves.
ior hoxmtiru; the thrus
and ancther for attaching
@ located on the inies m: d.
1<3‘c manifold distributes Im‘ roim the main fuel
V.u m_\, to the sh“l ST oraamber *‘z{"—:u‘~1=m tubes
g LRissiges dritled through
: @ .._:}'nc. ..um.l alined with
ulhe primary fuel-down tubes.

The fuel in-

JioOf

i tarbine exhaust conifold coilecic
and evenly dist
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Section I
Paragraphs 1-26 to 1-29

1-26. The turbopump contains a balancing sys-
tem to control the axial thrust loads imposed
upon the shaft and ball bearing assemblies by
the forces primarily generated by the differen-
tial pressure across the oxidizer impeller. The
balancing system utilizes the area between the
back of tne fuel impeller and fuel volute as a
balance cavity, to which fuel pressure from the
discharge side of the fuel pump is directed and
regulatedc. {o partially counterbalance the axial
thrust doveiopes by L osicizer impeller.
ual rotation of tne turvepump shaft for the pur-
pose of tacilitat’ag turbspump preservation and
detecting excessive breakovway aad running

torqguc, s prov ided by a ring and pinion gear
Combin 1. The rm cear is spiined to the
turiopaang shat, and (oo pinion gear is mounted

to the o ':I‘uh zear housing in & spring-loaded,
disenyw od pos:tion. When manual rotation of
the pump shaft is required. rhe pinion gear is

pushed i to engage with the ring gear and a
rotating iforce applied. The sieeve of the ring
cear contains two holes. spaced 180 degrees

apurt ich are used in conjunction with a
magnatic transducer for monitoring shaft speed
durin sine operation.

s turbopuinp pearings are cooled by

ise. ivel supplied through a bearing

cowiral vaive e spray nozzles at the

. The el Lo ocouted in parallel from

i control valve to the No. 1 and No. 2

~ and to the No. 3 bearing and is then
werboard thicough the {fuel overboard

chang . tne parallel routing from the bearing

coolas . soufrol valve has been replaced by a
series svstem. Thic change directs the drain-

age 'riic che Noo 1 and No. 2 bearings to
w.cate the No. 3 bearing and then
“hroug the overpoard drain system.
i Jd heaters. cast into the retainer
“the No. 1 and No. 2 bearings, prevent
ion and ice from forming on the bear-
ing engine standby.

A%

1-28.
¢onsise oL an

Tae principai sections of the turbopump
oxidizer pump section, a fuel pump
section, and a turbine section. The three sec-
tions are structurally connected to each other
“y pinz, which permit relative radial movement
cnoco npensate for the effects of thermal differ-
ences patween the oxidizer, fuel, and turbine
sections. A bearing coolant control valve
mounted on the fuel pump section supplies

[y
]

-t

[e23

Change No. 10 - 16 July 1971

:\vi‘}.h"‘

;. On engines incorporating MD145

coolant fuel to the bearings contained within the

oxidizer pump and turbine sections. (See figure
1-16 for turbopump leading particulars.) ]
Weight (average) 3,150 1b
Length 5 ft
Diameter 4 It
Shaft speed 5,492 rpm
Oxidizer pump inlet 65 psia
pressure
Oxdizer pump discharge L, 608 naia
pressure

3,988 ‘m/ sec
(25,0363 gpm,

Oxidizer pump flowrate

Fuel pump inlet precsure =8 el
Fuel pump discharge 3,870 psia
pressure
Fuel pump f{lowrate ii. _ ": 50 1o/ sec
Ry a \JZG 'pm) g
Turbire inlet temper:ture LASCF

Tuslis el presgure 23
Turbine exit pressure 5¢ psia
Turbine brake horse- 53,146 bhp

PP
w8ia votad

powear

Bearing coolant flow- .5 gom
rate (parallel system;)

Bearing coolant flow~ 3.9 Ipm
rate (series system)

Shait breakaway and 26 it b ma.

running torque

Figure -1-16. Turbopump i«
(Engines Incorporating M.

' TURBOPUMP OXIDIZEX

S : o o]
- Partiovis A

174 Chauge) é

i-29. BUMP DF-
SCRIPTION. The principal parts »f the oxidizer

pump (figures 1-17 and 1-18) are an inducer, an
impeller, a volute, two bearings, and the
necessary seals to contain the oxidizer and
coolant fuel within their respective areas of the
oxidizer pump section. The inducer is splined
to the shaft and increases the coxidizer inlet
pressure to prevent cavitation and to direct the
oxidizer into the inlet of the ircpeller. The
impeller is installed on the shaft throuzh an
internally/externally splined cougler and im-
parts velocity to the fluid. The volute houses
and supports the component parts of the oxidizer
pump and converts the kinetic energy of fluid
velocity to potential energy of fluid pressure.
The oxidizer volute incorporates a ring that is
pinned within a recess of the volute by 36

T



{3 k I
ronenp seetion (
el ldentitioo ns No. Doand o, 2 he

C

he)

i oaomatehed <ol of wail bearings that

U
PR [ 1o S .
Soostaduat its ferward ond and absorb shail
. H o
EETIRE KN
. e Dy A
RS TN [ [N TEINea 1
, e Y e
¢ oun P . 3 oI
Llh ) { ate~-r
e sounoimnt ar

- ~TORY Loy by
2N CEE O LS carion

Bgeause caroon

: \u\um‘.‘ {rom each othe
The purge flew Lo
1 ig directed overboard

51:\
[STENEAT > chaf drains the primary

R G. 1 beariag lube seal

e sing sceal, which is the
Tola ‘he bearing coolant

v and heater as:

aiong with the |

2 ant side of the inter

i . s divected overboaiys vy
R cerioard drain line. No. 4
s . “abLe seal) is a carbon-nose-
to %3 h‘?ci* is the rear seal to

cu be sooluat fiuid within the bear-

tor assembly. Leakage n 1st
¢ 5 b d to the fuel drain manifcld
oL primary :wi scul drain lines.,  Additional
sionie of the Pave ’r pu np section include two
CConis split piston rings, a
ecal, and KEL-F wear
The 1ston rings recess intc

ooves of the oxic 1:")1* inlet and seal the inter-
face of the oxidizer inlet skirt and volute wali.
Any leakage past both seals is directed back to

i EAl
- L
i
e
ump iromi T S ¥ Loy
Hes of ori o oen
SO osides. i ST
Gg oL
3 Ly
; i L

3 R
' iy u r
N 1
oy
AR N
B IRE1e
o

13 e PRI . .
ASCHL L, : [CERE

injats of N R TR

1-38. Three major see | TOLEL 0 L e
1 i Moo bobal g T
carbon-nose-to- n";xi.e~.“'; g B

the shaft area of the
age past this
the No. 4 seo
manifold by the w8
No. § sea (ubl
mate-ring seal and seals agil
the fuel inlet. Any leakage i
directed to m {fuel drain mwand
iniet seal drain lines.

ot
H
et
o
Ve



IS
i
H
i
H
[

¢
i

i !
i

I

b
i

S e e
*

)
7
[t
i

~SLINGER

Y

Figure 1-18. Oxidizerx

nge No. 8 - 19 February 15

[

o

=]
=3

et

i Pumyp Bearings



K- 3896-1

4 g
,!."'u":.

seal) is o carbon-
pe events leulm\,;o of
ag support area.
~al would be directed (o
i, ;ucvg w;t 1 any leaka
fuel inlet seal dral
Che fuel pump s LCUOL i

bber O-rings and bwe

o past
1t

\_\

JUAMT Taal g}

of the sy

e saelinler o0 o
o s O-ring 2005
e nousing and ey

hich is a

vived K,O ,ho fuel mlc
w"l e high-press: o
1 the : ’

" wrilice 2
. : .,ds i
, NS welier) is a
e 2wl in conjunction with hc
o ‘L"i lisnes the outer anu

st Gaameve s Gl Lh? fued balance C'J,Vll,y.

s : :, B +T ) L\: “' ill.q“u l}).lb\,.\\. .L “‘i.)l
T icial i m" t,.c: turbine sec tion are
wooturpine inlet ceonadold, on

s ReCess]

ine secticn ..o
vide the stru.ou
: ’=<:tion nd the
as an mmvia—
wmch bolts to ¢
., Which ars
serial number and

sponding to the spool posi
e matched.

incorporates an

generator comousto
for the attaen-
nozzle assens
€ “ts the

,.

gases from

: e2l consists of a dis.

seporating @ ocvies of {r tree siots in its
perivinery ireo which blades are inserte
w. riveted ia gicce. The first-stage wheel 1
boited to and interfaces with the main shan

Tl iy ire
ach war:

C
8

blades of the second-

COwn

conlant and

2il su,

SUXG

&

S

Lma,
‘Jcppcts oliseat when o
reaches

ree 40-micron
;4(/ hr‘o..c/,nt.

;11(31 EL"‘ N

ne

cnnect

& normi:




¥
: z
i . - { o n H
| . ; : i ‘
' ;
; i
. . ;
!
. . )
\
H
i
i \
i
! ¢ ! Z. - ~
H N \ : H i 4 ' :
; “ i ; A
i . 5 o :
; ” Sy : B
1 LR | ! i P
: S " K i ! : )
| B o : -
i 7 | ' S
! - i / N -
! / N
! 3
: B { i \
H 3 ! 7 AN
"~ . : ] K
i :
”.\L |
: i
. ) Lo S
' H ) ed
3 : N R
! . e

Psod
i3

NSTRUS:
L

1
!

Be

Figure 1-20.

i [}
. : (=5
w A ; . &
! 4 -~
m i
i N . 0
: . ; . . ;
- / , “ . RN = . et .
i ¢ ~ o X -
rs ., ~ B .- VT
. / . N N :
i { ¢
{ - . . H ;
! i H " “ by . oo - £
i : . 3 R
et : : : :
{ N X .
o H T N
a ; - :
o w - H
v i : .
- i i
D i H
i !
e : - -
3 . B .- - - - - -




LT
N

R-3896-1

coclant through the restrictor to the turbopump
bearings. The restrictor is sized during engine
acceptance testing to provide a bearing pressure
of 200-540 psig. The preservative-oil poppet
offseats during preservation procedures at 9-20
psig and directs the preservative oil to the turbo-
pump bearings. On engines incorporating
MD145 change, the port for the turbine bearing
jet Ting is capped and the orifice is changed to
accommodate the serics lube system.

1-40., TURBOPUMP FUEL INLET ELBOW
DESCRIPTION. The turbopump fuel inlet

elbows No. 1 and No. 2) are single-inlet, dual-
outlet elbows incorporating internal flow vanes.
Fuel flows radially into the fuel pump inlet
assembly from the two inlet elbows mounted

180 degrees apart. Lifting studs are provided
on the elbows for ease of handling. Seal '
=..nitoring ports are provided on the downstream
sitlet flanges. One attach point for support of
ihe engine interface panel is located on each
elbow, and attach points are located on the duct
side of the elbow for fastening a flexible (rubber)

. thermal insulation boot around the blow to the

engine interface panel. The No. 2 elbow has a
flanged attach point for the checkout valve engine
return hose.

i-41, OXIDIz#%it VALVE DESCRIPTION.

1-42. The engine has two identical oxidizer
valves (figure 1-21) that direct the flow of liquid
+».ygen to the thrast chamber and the flow of
~aulic control cpening fluid to the gas gen-
.or control valve. The oxidizer valves are
nvaraulically actuated, spring-loaded closed,

¢ ssure-balanced, fail-to~-the-run position,

7 set-type valves having quick response and
.. delta-P operating characteristics. An

sral part of each oxidizer valve, and
-hanically cpened by this valve, is a normally
...zed sequence vaive which, in the open posi-
.on, directs hydraulic control fluid to the open-
ing port of the gas generator control valve.

1-48. The oxidizer valve is designed so that
wnen it is in the open position, at rated engine
o.:idizer pressure and flowrate, it will not close
if hydraulic centrol fluid opening pressure is
1o5t. The oxiaizer valve consists of a housing
that contains inhe oxidizer inlet and outlet ports
and the seat for the poppet seal; a poppet with

a2 machined Teflon seal secured by a seal

Section I
Paragraphs 1-40 to 1-47

retainer; a cover that attaches to the valve
housing and contains the two poppet-closing
springs and also serves as a mount for the
cylinder and a guide for the piston rod; a
cylinder, within which the actuating piston
operates, that contains the open and closed
actuator ports and supports the position indicator
drive shaft; a cylinder head that contains the in-
let and outlet ports of the sequence valve and
also provides a mount for the sequence valve
gate; and a tapered piston rod that connects the
actuator to the poppet, mechanically opens the
sequence valve, and actuates the position
indicator.

1-44. The sequence valve is a spring-loaded
gate valve that seats against, and is hinged to,
the oxidizer valve cylincer head. The se-
quence valve is «lfseated by the piston rod to
direct opening L draulic conirol rluid to the gas
generator control vaive wien the sxidizer valve
reaches 16.4 perceat of its open position. The
position indicator consists of & rotary-motion
variable resistor and cpen and closed position
switches. The positic:: mndicator i3 mounted on
the oxidizer valve cyliader and is coupled to the
indicator drive shaft, which is mochanically
linked to the piston rod. Thc position switch
provides relay logic in the engine clectrical con-
trol circuit, and the variablc resisior provides
instrumentation for recordinsg valve poppet
movement.

1-45. Each oxidizer valv. incorporates an
oxidizer dome purge check vilve to admit
gaseous nitrogen downstream of the valve poppet
to purge the thrust chamber oxidizer dome. The
check valve is a gate-type valve, ag loaded
to the closed position and o:iows o v in one
direction when the diiferent:ii press.Te across
the valve exceeds 5.C psi. Five tyncs of seals
are used in the oxidizer wnlve: machined Teflon
seals, Mylar lip seais, Tef on-colied steel
Naflex seals, and Buna-N O-rings. Oxidizer
valve leading particulars are listed in figure
1-22.

1-46. FUEL VALVE DESCRIPTION.

1-47. The engine has two identicail fuel valves
(figure 1-23) to direct fuel to the thrust chamber.
The valves are hydraulically operated, spring-
loaded-closed, pressure-valanced, fail-to-the-
run-position, poppet-type valves having quick

ot
Ne

Change No. 10 - 16 July 1971 1-
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DEWUENGE
PIVBBURE
IN (E)

CLOSE PORT (C)

OPEN PORT (D)

OXIDIZER VENT PORT (L)

POPPET SKIRT SEAL

VALVE HOUSING

OXIDIZER
OUTLET (B)

SEQUENCE VALVE

SEQUENCE
PRESSURE
OUT (F)

ACTUATING
PISTON

DRAIN (N)

INSPECTION
PORT (G)

MICARTA SHIME
/ (TEMP BARRIER)

SKIRT SEAL
RETAINZR

DOML PURGE
CHECK VALVE

g}é“ - OXiLLLIR

.OXIDIZER INLET (A): {F1-1-55A

Figure 1-21.

response and low delta-P operating character-
istics. The fuel valve is designed so that when
it is in the open position, at rated engine fuel
pressure and flowrate, it will not close if hy-

;‘j draulic control fluid opening pressure is lost.

1-48. The fuel valve consists of a housing con-
ta:ning ‘uel inlet and outlet ports, closing and
opening ports, a drain port, a purge port, a

1-20 Cnange No. 8 - 19 February 1970

Oxidizer Valve

poppet seal seat and retainer, o spring-loaded
poppet with a machined Teilon scal secured by
a seal retainer, an actuator guide internally
drilied to provide the open port passage, and a
piston that connects to the poppa:. The nose
seal retainer incorporates 12 radially drilled
passages to direct fuel into the balance cavity
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drilled te provide the open port passa La
¥ pen i

piston that connects to the povye. 1 :

seal rewiner incorporates 12 rucinily drilted

passages to direct fuel into the bulance cavity
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ring the last porton of valve closing travel.
This feature assists the valve in closing by
maintaining a pogitive fluid pressure within the
balance cavity. A position indicator attaches

to the valve housing and recesses into the piston
shaft. The indicator consists of a linear-motion
variable resistor and open and closed position
switches. The position switches provide relay
logic in the engine electrical control circuit,

s Yhe variable resistor provides instrumenta-
L1, Ior recording valve poppet movement.
Tarce types of seals are used in the fuel valve:
.sechined Teflon seals, Viton-A O-rings, and
Buna-N O-rings. Fuel valve leading particulars
are listed in figure 1-22.

Uxidizer Fuel
Valve Valve
Weight 168.0 1b 90.0 Ib
Length 36.0 in. 16,0 in.
Width 17.25 in, 11.0 in.
Opening 200 psig max. 110 psig max.
pressure
Closing 75 psig max. 0 psig (spring
pressure only)
Opening time 320 msec 635 msec
{switch times;
Cloging time 325 msec 930 msec
vitch times;
iet diameter §.0 in. 6.0 in.
Ouilet diameter 3.0 in. 6.0 in.
#eoppet travel 2,34 in, 2.0 in.
2oppet seal Teflon Teflon

figure 1-22. Cxidizer Valve and Fuel Valve
Leading Particulars

\ Voo
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1-44, OXIDIZER HIGH-PRESSURE DUCT
ZESCRIPTION.

i-%0. The oxidizer high-pressure ducts con-
t2'n and distribute the oxidizer separately to
~1-h of the oxidizer valves and also provide
waport for the forward end of the turbopump.

. ducts are constructed of drawn aluminum
Ling, bent in a continuous section. This de~
xa provides flexibility to compensate for ex-
mnsion, contraction, and vibration. Each duct
requires a custom spacer at each end. These
spacers are r.achined for a particular engine
waa are not mverchangeable. On engines in-
corporating MD137 change, the custom spacers

e

Paragraphs -

are replaced with selective suaceors machined
to various dash number sizes. A \.zp—uz{ flange
for the gas generator oxidizer duct is provided
on the No. 2 oxidizer high-preossure duct.,

FUEL HIGH-P

1-51. RESSURE DUCT DE-
SCRIPTION,
1-52. The fuel high-pressure ducts contain and

distribute the Tuel separately
valves and supsort the worward end of the turbo-
pump. The coosiruction and design of the fuel
ducts provide flexipility to compensate for ex-
wansion, contraction, and vibration. Each duct
requires a CUSTOL: spacer at cach end. On en-
gines incoy) suuin '”‘)73“ chasoe, the custom
spacers are ces.aced by sclective spucers with
various dash number sizes. Tap-offs for the
bearing coolant conirol valve. gimbal filter mani-
fold, igniter fue! valve. and fuel high-pressure
duct drain guick-aisconnect are pl‘ vided on the
No. 1 fuel mnh-presw ¢ duct. Tap-offs for the
gas generatcer juel duct ;~ngine control valve,

No. 2 fuel bies¢ and fuel high-pressure duct
drain quick-disconnect are provided on the No.2
fuel high-pressui e du

o cachoef the fuel

i-53. ENGINE INTERFACE PANEL DE-
SCRIPTION.

1-54. The engine interf.2c sanc figure 1-24)
is mounted above the turbosump xidizer and
fuel inlets. The panel c¢or.. a8 whe customer
connect locations for elecirizal conneciors
between the erngine and “he vehicle The panel
also provides an attach point for thermal insula-
tion attach brackets.

1-55. IGNITION SYSTE DESCRIPTION.
1-56. The engine ignition system: suppiics heat

energy to initiate combustion in the gas gen-
erator combustor, thrust chamber nozzie ex-
tension, and the *.;x ast chumber., 7 zgniters
are required for each izine starc v

SYro-

technic igaiters for the gas generato
pyrotechnic igniters for ine thrust ca e
nozzle extension, and a hypergol ign:. - fur the
thrust chamber. The pyrotechnic 18 'S are
electrically fired by 500 vac. i© pyr olechnic
igniters initiate combustion of the fuel and ox-
idizer in the gas generator and reignite the fuel~
rich gas generator exhaust gas in the nozzle

Change No. 10 - 16 July 1971 1-21
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Figure 1-23.
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Fuel Valve
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HYPL.

DL IGNITE ESCRIPTION

The hypergol igaiter (figure 1-25) con-

the ?)VJ‘(\,HOI‘lC fluid that produces initial
SLION. L Lae thrust chamber, The igniter

~001 manifold by a threaded

The igniter consists

, a4 cap, and related seals.

The wrtr'ag,c coitains 403 10 grams of pyro-

rhoric fluid consisting of 85 percent

Engine interface raoo

trieti ‘y_L = [ oL

LU INUTI.

5¢ Dressuen
I‘G&I‘ﬂ (ll Oi

approximately g4
inches i diameier.
1-59.

PYROTECHNIC IGN LSCRIPTION.

-60. The pyrotechnic 11“'*’7‘3')-'"'3112{:;;'@ igniters
(figure 1-26) initiate combusticn n the gas gen-
erator and reignite the fuel-rich turbine exhaust

1-23
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